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ABSTRACT 

Turbulent  coaxial  air-air  mixing  and  hydrogen-air  mixing  were  studied.  The  ratio  of 
outer  stream  to  jet  velocity  was  varied  from  0.12  to  1.52  for  the  air-air  mixing  systems 
and  from  0,16  to  0.42  for  the  hydrogen-air  systems.  Special  emphasis  was  placed  on 
the  determination  of  the  turbulent  transport  properties  (especially  the  eddy  viscosity  and 
the  Prandtl  number)  from  the  mean  flow  field  measurements  by  use  of  an  integral 
technique.  Radial  and  axial  profiles  of  velocity,  concentration,  shear  stress,  and  eddy 
viscosity  are  presented,  as  well  as  radial  profiles  of  the  turbulent  Prandtl  number  and 
representative  static  pressure  profiles.  In  addition  to  the  graphical  presentation  of  the  data, 
the  mean  flow  field  properties  are  presented  in  tabular  form.  The  major  conclusions  of 
this  investigation  are:  (1)  the  experimental  technique  used  produced  good  quality  mean 
flow  field  data;  (2)  the  integral  technique  used  for  calculating  the  turbulent  transport 
properties  from  the  mean  flow  field  data  gave  satisfactory  results;  (3)  for  the  air-air  system, 
a  significant  radial  variation  of  the  second  regime  eddy  viscosity  was  observed  for  most 
of  the  tests;  (4)  the  eddy  viscosity  decreases  with  increasing  radius  for  the  hydrogen-air 
systems;  and  (5)  approximate  average  values  of  the  turbulent  Prandtl  number  are:  0.60 
for  the  air-air  tests  and  0.80  to  0.85  for  the  hydrogen-air  system. 
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SECTION  I 
INTRODUCTION 

Turbulent  mixing  between  high-speed  coaxial  streams  is  of  primary  importance  in 
many  engineering  devices,  such  as  jet  pumps,  ejectors,  and  ramjet  combustors.  The  flow 
in  these  devices  must  be  analyzed  at  best  by  semi-empirical  techniques  because  there  is 
no  fundamental  and  complete  theory  for  turbulent  flows.  Turbulent  mixing  is  often 
analyzed  by  using  the  laminar  form  of  the  steady  flow  boundary  layer  equations  with 
the  effect  of  the  turbulent  fluctuations  ' on  the  time-averaged  flow  field  treated  by  using 
semi-empirical  models  for  the  effective  turbulent  transport  properties,  including  the  eddy 
viscosity,  eddy  thermal  conductivity,  and  eddy  diffusivity. 

The  concept  of  eddy  viscosity  was  first  introduced  by  Boussinesq  in  1877  (Ref.  1). 
It  is  defined  in  terms  of  the  turbulent  shear  stress,  r,  by  the  relation 


(1) 


where  p  is  the  density,  e,  the  eddy  viscosity,  and  3u/3r,  the  velocity  gradient  in  the  direction 
normal  to  the  flow.  Equation  (1)  defines  the  eddy  viscosity,  but  since  e  is  not  a  property 
of  the  fluid,  some  means  of  modeling  it  in  terms  of  known  quantities  in  a  turbulent 
flow  must  still  be  determined  before  the  concept  is  useful.  Several  investigators  have 
proposed  such  models.  In  1925,  Prandtl  (Ref.  2)  proposed  his  mixing  length  theory  which 
leads  to  the  following  expression  for  the  eddy  viscosity: 


e 


(2) 


where  £  is  the  mixing  length  which  is  proportional  to  the  mixing  zone  width  for  a  free 
turbulent  flow.  The  constant  of  proportionality  must  be  obtained  from  experimental  data. 
This  relationship  has  found  considerable  use  in  the  calculation  of  free  turbulent  flows; 
however,  it  is  not  entirely  satisfactory  for  obtaining  the  shear  stress  in  free  turbulent 
flow,  in  that  it  predicts  that  the  eddy  viscosity  vanishes  at  points  where  the  velocity 
is  a  maximum  or  a  minimum.  This  is  not  necessarily  the  case,  however,  as  the  turbulent 
motion  does  not  cease  at  the  point  of  maximum  velocity,  i.e.,  the  center  of  a  jet. 


One  of  the  most  widely  used  models  for  turbulent  momentum  transport  was  proposed 
by  Prandtl  (Ref.  2)  in  1942.  This  model  for  the  eddy  viscosity  is  as  follows: 


e  =  kb  (Umax  -  Umin)  (3) 

where  b  is  the  width  of  the  mixing  layer,  (Umax-Umjn)  is  the  local  maximum  velocity 
difference  across  the  mixing  layer,  and  k  is  a  coefficient  to  be  obtained  from  experimental 
data. 
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In  Ref.  3,  Ferri  proposed  the  following  model  for  the  eddy  viscosity  for  variable 
density  flows: 


e  =  — n -  -  pcuc) 


(4) 


where  bi /2pu  is  taken  to  be  the  radius  at  which  pu  =  l/2(p0u0  +  pcuc),  P  is  the  local 
density,  and  pou0  and  pcuc  are  the  outer  stream  and  centerline  mass  fluxes,  respectively. 
For  constant  density  flows  this  model  reduces  to  Prandtl  constant  exchange  coefficient 
model  (Eq.  (3)).  Other  models  have  been  proposed  for  the  eddy  viscosity  in  variable  density 
free  mixing  systems  (for  example,  Refs.  4  and  5).  Most  of  these  models  give  good  results 
for  a  particular  set  of  data;  however,  none  of  them  appears  to  apply  to  a  sufficiently 
large  variety  of  experiments  to  be  considered  a  general  formulation  (Ref.  6). 

Several  of  the  experimental  investigations  which  are  related  to  this  investigation  are 
summarized  in  the  following  paragraphs. 

One  of  the  first  experimental  investigations  of  the  case  of  two-stream  coaxial  mixing 
was  conducted  for  Forstall  and  Shapiro  (Ref.  7).  An  inner  stream  composed  of  air  with 
ten  percent  by  volume  of  helium  as  a  tracer  was  mixed  with  an  outer  stream  of  air. 
The  gas  velocities  were  in  the  low  subsonic  speed  range,  and  the  temperatures  were 
maintained  nearly  equal.  The  main  conclusions  of  this  investigation  were  that  (1)  mass 
is  transported  more  rapidly  than  momentum,  and  (2)  the  normalized  velocity  and 
concentration  profiles  exhibit  shape  similarity;  that  is,  the  nondimensional  radial  profiles  are 
invariant  with  axial  distance. 

Alpinieri  (Ref.  5)  obtained  experimental  data  on  the  turbulent  mixing  between  carbon 
dioxide  and  hydrogen  central  jets  exhausting  into  a  moving  concentric  stream  of  air.  The 
flow  velocities  were  in  the  low  to  high  subsonic  speed  range,  and  the  temperatures  of 
the  streams  were  approximately  equal.  Radial  and  axial  distributions  of  velocity  and 
concentration  were  presented.  Alpinieri  verified  Forstall  and  Shapiro's  conclusion  that  mass 
is  transported  more  readily  than  momentum.  Also,  Alpinieri  concluded  that  the  mixing  rate 
does  not  approach  zero  when  either  the  velocities  or  the  mass  fluxes  of  the  streams  are 
equal.  This  is  contrary  to  the  behavior  suggested  by  turbulent  eddy  viscosity  models 
proposed  by  Prandtl  (Eq.  (3))  and  Ferri  (Eq.  (4)). 

Eggers  and  Torrence  (Ref.  8)  investigated  the  free  turbulent  mixing  of  coaxial  jets 
of  air.  The  central  jet  had  one-percent  ethylene  added  as  a  tracer  gas  and  the  streams 
were  maintained  at  the  same  temperature.  The  cases  presented  include  (1)  a  supersonic 
outer  stream  and  a  subsonic  central  jet,  and  (2)  both  streams  subsonic.  Radial  distributions 
of  total  pressure,  static  pressure,  and  concentration  were  determined  in  the  near  jet  and 
far  jet  flow  fields.  The  initial  boundary  layer  thicknesses  were  presented;  the  boundary 
layers  were  very  thick  (approaching  fully  developed  pipe  flow  in  the  center  jet).  Eggers 
and  Torrence  found  that  (1)  good  correlation  with  the  experimental  air-air  mixing  data 
can  be  obtained  by  using  an  eddy  viscosity  model  based  on  a  representative  width  of 
the  mixing  zone  and  on  the  centerline  mass  flow  per  unit  area,  and  (2)  turbulent  Schmidt 
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numbers  required  to  correlate  the  concentration  data  were  approximately  0.6  for  the 
high-velocity  data  and  somewhat  larger  for  the  low-velocity  data. 

Fejer,  et  al  (Ref.  9)  investigated  an  isoenergetic  mixing  system  consisting  of  subsonic 
and  supersonic  air  jets  exhausting  into  a  surrounding  subsonic  air  stream.  A  tracer  gas 
(argon)  was  added  to  the  central  stream  so  that  data  were  obtained  on  the  simultaneous 
transport  of  momentum  and  mass.  Considerable  attention  was  given  to  the  case  of  equal 
jet  and  outer  stream  velocities.  Mean  flow  measurements  were  made,  and  radial  distributions 
of  eddy  viscosity  and  eddy  diffusivity  were  presented. 

Zakkay,  et  al  (Ref.  10)  conducted  an  experimental  investigation  to  determine  the 
turbulent  transport  coefficients  for  hydrogen-,  helium-,  and  argon-air  mixing  systems. 
Central  jets  of  hydrogen,  helium,  and  argon  at  subsonic  and  supersonic  Mach  numbers 
were  injected  into  an  outer  stream  of  air  maintained  at  a  constant  Mach  number  of  1 .6. 
The  turbulent  transport  coefficients  on  the  centerline  were  determined  by  a  method  in 
which  the  conservation  equations  are  linearized.  This  method  requires  an  analytical 
representation  for  the  concentration  and  velocity  distributions  because  experimental  data 
are,  in  general,  not  satisfactory  for  obtaining  the  required  derivatives  along  the  centerline. 

In  addition  to  the  experimental  investigations  mentioned  here,  there  are  numerous 
other  investigations  which  have  been  reported.  Even  so,  assessment  of  the  general  validity 
of  the  various  semi-empirical  models  for  turbulent  transport  has  been  hampered  by  a  lack 
of  reliable  experimental  data  over  a  wide  range  of  flow  conditions.  The  majority  of  the 
experimental  investigations  leave  much  to  be  desired,  either  because  the  range  of  flow 
conditions  was  too  narrow,  insufficient  measurements  were  made,  or  because  the  initial 
conditions,  for  example,  the  initial  boundary  layer  thicknesses,  were  not  well  defined. 

In  an  attempt  to  rectify  this  situation,  an  extensive  experimental  investigation  of 
a  variety  of  coaxial  free  mixing  systems  has  been  undertaken  at  the  Engine  Test  Facility 
of  the  AEDC.  The  overall  scope  of  the  program  is  to  develop  enough  experimental 
information  on  two-stream  coaxial  mixing  so  that  reliable  empirical  data  on  turbulent 
transport  properties  can  be  developed  for  a  wide  range  of  experimental  conditons.  Mixing 
systems  under  consideration  range  from  nearly  constant  density  flows  to  subsonic  and 
supersonic  mixing  flows  with  large  density  gradients  and  exothermic  chemical  reactions. 

In  this  report,  experimental  data  are  presented  for  two  subsonic  nonreactive  coaxial 
mixing  systems  at  a  variety  of  stream  velocity  ratios:  (1)  air  jet  (with  two-percent  maximum 
hydrogen  tracer),  mixing  with  a  surrounding  air  stream,  and  (2)  hydrogen  jet  mixing  with 
a  surrounding  air  stream.  The  stream  temperatures  were  maintained  at  different  levels  to 
permit  the  investigation  of  the  simultaneous  transport  of  momentum,  energy,  and  mass. 
Time-averaged  radial  distributions  of  total  pressure,  static  pressure,  total  temperature,  and 
gas  concentration  were  measured  at  each  of  several  axial  stations.  The  data  were  reduced 
using  the  equation  of  state  for  an  ideal  gas  and  the  isentropic  flow  equations  to  obtain  radial 
profiles  of  velocity,  density,  total  enthalpy,  and  gas  composition  at  each  of  the  axial 
stations.  The  time-averaged  flow1,  field  data  were  then  introduced  into  the  integral  form  of 
the  equations  of  motion  to  deduce  spatial  distributions  of  the  turbulent  fluxes  of 
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momentum,  energy,  and  mass  as  well  as  the  corresponding  transport  coefficients.  The 
integral  boundary  layer  equations  have  been  used  in  a  similar  manner  by  Morgenthaler  (Ref. 
11),  Eggers  (Ref.  12),  and  Fejer,  et  al  (Ref.  9). 

The  investigation  reported  herein  is  unique  in  the  following  respects: 

1.  The  initial  boundary  layers  for  the  air-air  tests  were  thinner  than  in  previous 
investigations,  for  example,  Ref.  9. 

2.  The  range  of  the  hydrogen-air  experiments  (velocity  ratio  and/or  velocity 
level)  reported  herein  is  different  from  that  previously  reported  by  other 
investigators.  Shear  stress  and  eddy  viscosity  distributions  have  not 
previously  been  presented  for  any  hydrogen-air  mixing  tests. 

Partial  presentation  of  the  results  reported  herein  appeared  in  Refs.  13,  14,  and  15.  Some 
of  the  previously  reported  results  are  repeated  in  this  publication  for  the  convenience 
of  the  reader. 


SECTION  II 

APPARATUS  AND  PROCEDURE 

2.1  FREE-JET  MIXING  TEST  CELL 

A  schematic  diagram  of  the  free-jet  mixing  test  cell  is  shown  in  Fig.  1  (Appendix 
I).  Air,  which  may  be  heated  to  1500°R  by  an  indirect-fired  heater,  flows  around  the 
inner  plenum  and  nozzle.  It  then  passes  through  a  3.5-in.-diam  subsonic  nozzle  to  form 
an  annulus  around  the  subsonic  flow  from  the  inner  nozzle.  The  flow  from  the  inner 
nozzle  could  be  heated  to  1000°R  by  an  electrical  resistance  heater.  The  inner  nozzle 
diameter  is  0.5  in.,  and  the  thickness  of  the  trailing  edge  is  0.005  in.  The  inner  nozzle 
and  outer  nozzle  configuration  was  designed  to  produce  as  thin  an  initial  boundary  layer 
at  the  entrance  to  the  test  section  as  practical  (see  Section  4.2).  The  inner  and  outer 
nozzles  were  aligned  to  give  flow  with  centerlines  which  were  parallel  within  less  than 
one-half  degree.  The  test  section  was  open  to  the  atmosphere,  but  the  gases  from  the 
nozzle  were  removed  by  a  downstream  scoop  attached  to  the  Engine  Test  Facility  (ETF) 
exhaust  system. 

2.2  INSTRUMENTATION 

Temperature  measurements  were  made  with  copper-constantan  and  iron-constantan 
thermocouples,  and  the  pressures  were  measured  with  strain-gage-type  transducers.  In  the 
hydrogen-air  tests,  the  molecular  weight  was  measured  with  a  bi-stable  fluidic  oscillator 
which  was  developed  at  the  ETF  (Ref.  16).  In  the  air-air  tests,  the  concentration  was 
measured  with  a  thermal  conductivity  meter.  The  fluidic  oscillator  required  only  2  sec 
for  a  measurement  as  compared  with  10  sec  for  the  thermal  conductivity  meter,  but  the 
fluidic  oscillator  did  not  have  sufficient  accuracy  in  the  range  of  hydrogen  concentrations 
(0  to  2  percent  hydrogen  by  volume)  encountered  in  air-air  experiments.  Probe  positions 
were  indicated  by  wire-wound  potentiometers  mechanically  connected  to  the  probe,  and 
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the  inner  stream  flow  rate  was  measured  with  a  calibrated  choked  orifice.  A  digital  data 
acquisition  system  was  used  to  record  all  of  the  data  on  magnetic  tape.  Estimates  of 
the  accuracy  of  the  measured  parameters  are  presented  in  Appendix  III. 

A  dual-probe  arrangement  incorporating  a  multi-purpose  probe  and  a  static  pressure 
probe  was  used  to  measure  the  total  pressure,  static  pressure,  total  temperature,  and  gas 
concentration  at  various  stations  throughout  the  flow  field.  A  photograph  and  a  sketch 
of  the  dual-probe  are  shown  in  Fig.  2,  and  a  schematic  diagram  of  the  probe-related 
components  is  shown  in  Fig.  3.  Total  temperature  and  gas  concentration  were  recorded 
when  the  multi-purpose  probe  was  aspirated  to  a  vacuum  source,  and  total  pressure  was 
recorded  when  there  was  no  flow  through  the  probe.  Static  pressure  measurements  as 
recorded  were  displaced  0.5  in.  to  one  side  of  the  total  pressure  probe  measurements. 
This  displacement  was  accounted  for  in  the  data  reduction  procedure.  The  dual-probe 
was  actuated  in  the  flow  field  by  a  three-axis  probe  actuator.  The  probe  location  and 
the  initial  test  conditions  were  monitored  on  an  X-Y-Y  plotter  and  strip-chart  recorders. 

2.3  TESTING  PROCEDURE 

In-place  calibrations  were  made  on  all  of  the  pressure  transducers  and  potentiometers 
before  each  test.  Next,  the  test  conditions  were  established  by  setting  the  total  pressure 
in  the  inner  and  outer  plenums  and  the  total  temperature  of  the  heated  stream.  The 
conditions  were  allowed  to  stabilize  and  then  the  probe  was  placed  in  the  horizontal  plane 
containing  the  aerodynamic  center  of  the  local  flow  field  as  defined  by  the  total  pressure 
measurements.  This  procedure  was  used  at  each  axial  station  since  the  geometrical  centerline 
of  the  apparatus  did  not  necessarily  coincide  with  the  flow  centerline. 

The  data  were  recorded  by  a  data  acquisition  system  which  was  operated  in  the 
following  manner:  The  probe  was  traversed  radially  at  a  fixed  axial  location  until  the 
desired  radial  location  was  reached.  A  single  switch  started  a  sequence  which  stopped 
the  probe  and  began  to  record  each  data  item  300  times  per  second,  first  in  the  total 
temperature  and  gas  concentration  mode  of  operation  and  then  in  the  total  pressure  mode. 
The  magnetic  tape  drive  was  stopped  automatically  when  all  data  at  the  radial  location 
had  been  recorded.  The  probe  drive  was  engaged  automatically  to  traverse  the  probe  to 
the  next  radial  data  point  location  selected  by  the  test  engineer.  The  total  time  required 
to  obtain  a  data  point  in  a  radial  survey  for  an  air-air  test  was  approximately  15  sec 
and  for  a  hydrogen-air  test  approximately  5  sec.  Typically  30  data  points  were  obtained 
at  a  given  axial  location.  Radial  traverses  were  obtained  at  approximately  10  axial  stations, 
thus,  static  pressure,  total  pressure,  total  temperature,  and  concentration  readings  were 
taken  at  approximately  300  locations  in  each  flow  field. 

SECTION  III 

METHOD  OF  DATA  REDUCTION 
3.1  DATA  REDUCTION  PROCEDURE 

The  data  were  reduced  in  three  steps  with  the  aid  of  a  digital  computer.  First,  the 
magnetic  tape  from  the  data  acquisition  system  was  processed  through  a  data  reduction 
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computer  program  which  used  the  calibrations  obtained  at  the  beginning  of  the  test  to 
convert  the  millivolt  signals  to  engineering  units  of  pressure,  temperature,  and  probe 
position.  The  data  were  averaged  over  0.167-sec  intervals  (50  scans)  to  obtain  the  mean 
values.  The  data  recorded  during  stabilization  of  the  parameters  were  discarded.  A  printout 
and  a  magnetic  tape  were  made  of  the  resulting  engineering  units  data. 


Second,  the  engineering  units  tape  was  reduced  by  computer  to  give  gas  mixture 
properties  at  each  probe  position  by  using  the  equation  of  state  for  an  ideal  gas  and  the 
isentropic  flow  equations.  The  properties  computed  were  gas  composition,  density,  velocity, 
static  temperature,  and  total  enthalpy  at  the  initial  stream  conditions  and  at  local  points  in 
the  flow  field.  The  method  of  calculating  the  various  properties  are  given  in  Appendix 
IV.  These  basic  properties  were  recorded  on  magnetic  tape  to  be  used  as  the  inputs  for 
the  final  data  reduction  program. 


The  next  step  in  the  data  reduction  procedure  required  a  system  of  equations  from 
which  the  turbulent  transport  properties  could  be  determined.  The  following  form  of  the 
equations  of  motion  was  used,  with  molecular  transport  coefficients  assumed  negligible 
compared  with  the  turbulent  coefficients: 


Axial  Momentum  (neglecting  the  normal  stress  terms) 
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These  equations  were  integrated  between  the  centerline  and  an  arbitrary  control 
surface  (r*)  to  obtain  the  following  set  of  equations: 
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Numerical  techniques  were  used  to  solve  Eqs.  (8)  through  (10)  for  the  turbulent  shear 
stress,  eddy  viscosity,  turbulent  Prandtl  number,  and  turbulent  Lewis  number  at  the  control 
surface. 


To  aid  in  explaining  the  numerical  techniques  used  to  solve  Eqs.  (8)  through  (10), 
consider  Fig.  4.  The  solid  line  represents  the  boundary  of  the  mixing  zone  and  the  dashed 
line  through  points  EJO  represents  the  control  volume  boundary  which  contains  the  mixing 
zone.  The  dots  represent  points  at  which  data  arc  recorded  and  the  circles  (points  A  through 
O)  represent  the  intersection  of  the  axial  stations  (xi ,  X2 ,  x3 ,  where  data  are  recorded) 
with  the  dashed  lines  which  denote  arbitrarily  selected  increments  of  the  control  volume. 
The  spatial  distribution  of  density,  velocity,  static  pressure,  total  enthalpy,  and 
concentration  are  experimentally  defined  within  the  control  volume  bounded  by  r*(x) 
at  points  represented  by  the  dots  shown  in  Fig.  4.  By  numerically  integrating  radially 
from  the  x-axis  to  each  of  the  points  (A  through  O),  the  values  of  the  integrals  in  Eqs. 
(8)  through  (10)  are  obtained.  It  is  necessary  to  fit  the  values  of  the  integrals  at  a  given 
control  surface  with  an  analytic  function  to  obtain  the  axial  derivatives  along  the  control 
surface,  e.g.  AFK.  A  spline  function  was  used  to  fit  the  integral  values,  but  no  additional 
smoothing  of  the  experimental  irregularities  was  done  before  the  shear  stress  and  other 
turbulent  fluxes  were  determined. 

To  obtain  the  transport  coefficients  it  was  necessary  to  determine  the  point  values 
of  the  radial  slopes  of  the  velocity,  total  enthalpy,  and  concentration  profiles.  Continuous 
distributions  of  these  slopes  could  not  be  obtained  without  smoothing.  The  analytic 
function  used  for  obtaining  slopes  in  this  investigation  was  a  least  squares  fit  of  the 
following  equation  to  the  data: 

F(y  -  yc)  =  A  exp  f[a0  +  a2  (y  -  yc)2  +  a4  (y  -  yc)4  +  a6  (y  -  yc )6  ]>  (11) 

where  A  equals  unity  and  has  the  units  of  the  parameter  fitted,  y  is  the  radial  distance 
of  the  probe  from  a  reference  point,  and  yc  is  the  radial  distance  to  the  centerline  of 
the  mixing  zone  from  the  reference  point.  This  function  was  selected  after  it  was  found 
that  conventional  polynominals  of  up  to  eighth  order  were  inadequate  for  fitting  the  data. 
A  similar  function  was  suggested  for  representation  of  radial  profiles  by  Zakkay  (Ref. 
10).  The  distance  yc  was  determined  by  the  location  of  the  concentration  peak  in  the 
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least  squares  curve.  As  stated  previously  the  local  center  of  the  mixing  zone  was  not 
assumed  to  coincide  with  the  geometric  centerline  of  the  apparatus  but  was  located  for 
each  axial  station  at  which  a  probe  traverse  was  made. 

In  a  portion  of  the  data  analysis,  the  turbulent  Lewis  number  has  been  assumed 
to  be  unity.  This  assumption  is  supported  by  the  experimental  data  for  concentration 
and  total  enthalpy.  Figure  5  shows  the  relationship  between  dimensionless  total  enthalpy 
and  concentration  for  the  air-air  tests,  and  Fig.  6  shows  this  relationship  for  the 
hydrogen-air  tests.  These  composite  plots  include  data  selected  at  random  from  all  of 
the  velocity  ratios  (u0/uj)  and  at  axial  stations  throughout  the  flow  field.  Because  the 
second  term  on  the  right  side  of  Eq.  (6)  is  negligible  compared  with  the  first  term  for 
these  experimental  conditions,  a  comparison  of  Eqs.  (6)  and  (7)  shows  that  the  only  way 
that  the  concentration  can  be  linearly  related  to  the  total  enthalpy  is  for  Let  =  1  •  Thus, 
for  practical  purposes,  the  Lewis  number  equals  one,  and  this  result  of  unity  Lewis  number 
has  been  used  in  the  determination  of  the  Prandtl  number. 

3.2  CHECK  ON  THE  DATA  REDUCTION  PROCEDURE 

Since  there  are  a  large  number  of  measurements  and  calculations  involved  in 
determining  the  transport  coefficients,  it  is  reasonable  to  question  the  accuracy  of  the 
values  obtained.  To  evaluate  the  accuracy  of  these  transport  coefficients,  an  independent 
finite  difference  computer  program  was  used.  This  program  used  the  experimental  velocity 
and  concentration  profiles  for  an  initial  station  and  the  distribution  of  eddy  viscosity, 
turbulent  Prandtl  number,  and  Lewis  number  for  the  entire  flow  field  as  determined  from 
the  experimental  data  to  calculate  the  development  of  the  free  mixing  flow.  The  output 
of  the  program,  radial  velocity  and  concentration  profiles  for  a  number  of  axial  locations 
in  the  flow  field,  could  then  be  compared '  with  the  measured  profiles  to  evaluate  the 
technique  for  calculating  eddy  viscosity.  Details  of  these  comparisons  will  be  discussed 
in  Sections  4.6  and  4.8.  In  general,  the  results  of  this  back-calculation  procedure  showed 
that  the  turbulent  transport  properties  obtained  using  the  integral  equations  of  motion 
were  consistent  with  the  mean  flow  field  data  from  which  they  were  obtained,  i.e.,  the 
back-calculation  in  general  successfully  reproduced  the  original  mean  flow  field  data. 

SECTION  IV 

DISCUSSION  OF  RESULTS 
4.1  FLOW  FIELD  DESCRIPTION 

The  coaxial  mixing  flow  field,  shown  schematically  in  Fig.  7,  can  be  divided  into 
three  regimes.  Regime  I  is  the  "potential  core  region"  in  which  inviscid  flow  exists  on 
either  side  of  the  inner  mixing  zone.  In  Regime  II,  the  inner  mixing  zone  has  propagated 
to  the  centerline,  but  a  layer  of  inviscid  outer  flow  remains.  Regime  III  occurs  after  the 
outer  mixing  zone  between  the  air  stream  and  quiescent  ambient  air  merges  with  the 
inner  mixing  zone.  Only  the  inner  mixing  zone  is  of  interest  in  this  investigation.  Because 
of  the  encroachment  of  the  outer  mixing  zone,  data  were  obtained  only  for  axial  distances 
of  less  than  35  central  nozzle  radii  from  the  initiation  of  mixing. 
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4.2  BOUNDARY  LAYER  THICKNESS 

Total  pressure  distributions  downstream  of  the  nozzle  lip  were  measured  to  determine 
the  boundary  layer  thickness.  These  measurements  were  made  with  a  stainless  steel  probe 
of  0.004-in.  outside  diameter,  with  a  0.001 -in. -thick  wall.  The  total  pressure  traverses  were 
made  at  axial  stations  less  than  0.010  in.  downstream  of  the  nozzle  lip.  Data  for  one 
hydrogen-air  condition  and  two  air-air  conditions  are  presented  in  Fig.  8.  These  conditions 
do  not  correspond  to  any  particular  test  condition,  and  they  are  presented  only  as  being 
representatives  of  the  boundary  layer  thickness.  The  combined  width  of  the  inner  and 
outer  boundary  layers  (A)  is  approximately  14  percent  of  the  inner  nozzle  radius.  The 
thickness  A  is  measured  between  the  99-percent  velocity  points  in  the  inner  and  outer 
boundary  layers  and  includes  the  thickness  of  the  nozzle  lip. 

4.3  STATIC  PRESSURE 

Typical  radial  distributions  of  static  pressure  for  the  air-air  tests  are  shown  in  Figs. 
9  and  10  and  the  corresponding  figures  for  hydrogen-air  tests  are  Figs.  11  and  12.  The 
pressure  gradients  are  relatively  large  in  the  near  field  region;  however,  in  a  short  distance, 
the  gradients  become  smoothed  to  less  than  one-percent  variation.  The  measured  static 
pressure  was  used  to  reduce  the  data  which  are  presented  here,  but  as  a  check,  some 
of  the  data  were  also  reduced  using  the  barometric  pressure  as  the  constant  static  pressure 
in  the  flow  field.  The  results  obtained  using  this  constant  static  pressure  were  negligibly 
different  (less  than  5  percent)  from  the  results  obtained  using  the  measured  static  pressure. 

4.4  RANGE  OF  EXPERIMENTAL  CONDITIONS 

The  experimental  conditions  for  the  air-air  and  hydrogen-air  experiments  are  given 
in  Appendix  II.  There  are  seven  different  test  conditions  for  the  air-air  experiments  and 
eight  test  conditions  for  the  hydrogen-air  experiments.  In  the  air-air  tests,  the  central  stream 
contained  approximately  two  percent  by  volume  of  hydrogen.  Two  different  density  ratios 
were  investigated  in  the  hydrogen-air  series.  The  density  of  the  outer  stream  was  decreased 
by  raising  the  outer  stream  temperature  on  three  of  the  tests. 

All  the  experimental  data  for  the  air-air  and  hydrogen-air  tests  are  presented  in  tabular 
form  in  Appendix  V. 

4.5  TIME-AVERAGED  FLOW  FIELD  RESULTS  FOR  THE  AIR-AIR  EXPERIMENTS 

The  axial  distributions  of  dimensionless  centerline  velocity  for  six  of  the  seven  air-air 
tests  are  presented  in  Fig.  13.  The  distribution  for  the  test  with  u0/uj  =  0.98  is  not 
presented  because  the  expression  (uc  -  u0)/(Uj  -  u0)  used  to  present  the  data  is  not  suitable 
when  Uj«u0.  The  centerline  decays  of  concentration  for  all  of  the  air-air  tests  are  presented 
in  Fig.  14.  The  axial  distributions  of  centerline  velocity  and  centerline  concentration  show 
that  the  mixing,  as  indicated  by  first  regime  length  and  centerline  decay  in  the  second 
regime,  decreases  as  u0/uj  is  increased  toward  unity,  then  increases  as  u0/uj  is  increased 
above  unity.  These  trends  are  consistent  with  analytical  results  using  the  Prandtl 
'  formulation  (Eq.  (3));  however,  the  rate  of  mixing  at  u0/uj  =  1  is  certainly  not  zero  as 
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predicted  by  the  Prandtl  formulation.  The  concentration  core  length  is  only  about  twice 
as  long  for  u0/uj  =  0.98  as  for  u0/uj  =  0.12.  Comparison  of  Figs.  13  and  14  also  shows 
the  usual  result  that,  at  a  given  value  of  u0/uj,  the  centerline  concentration  decays  more 
rapidly  than  the  centerline  velocity,  indicating  that  mass  is  transported  more  rapidly  than 
momentum. 

Composite  plots  of  dimensionless  velocity  and  concentration  in  the  second  regime 
are  shown  in  Figs.  15  and  16,  respectively.  Data  from  all  of  the  tests  and  all  axial  stations 
in  the  second  regime  are  contained  on  the  plots.  First  regime  data  are  not  presented  because 
the  diameter  of  the  probe  (0.064  in.)  is  large  compared  with  the  mixing  zone  width  in 
the  first  regime,  and  only  a  limited  definition  of  the  first  regime  mixing  region  was  obtained. 
These  figures  illustrate  the  typical  result  that  the  profiles  can  be  made  nearly  congruent 
by  suitable  normalization,  and  that  assumption  of  profile  shape  similarity  is  a  good 
approximation  for  the  mixing  systems  considered  if  the  main  interest  is  in  the  integral 
properties  of  the  profiles.  However,  the  deviations  from  shape  similarity  are  significant 
when  evaluating  the  turbulent  transport  properties. 

Some  of  the  tests  of  Fejer,  et  al  (Ref.  9),  have  velocity  levels  and  ratios  which  are 
comparable  to  the  present  air-air  tests,  although  the  apparatus  used  by  Fejer,  et  al,  would 
undoubtedly  produce  thicker  boundary  layers  than  the  apparatus  of  this  investigation. 
It  would  be  expected  that  the  thicker  boundary  layers  would  enhance  the  mixing  process. 
However,  a  comparison  of  centerline  concentration  decay  results  for  these  experiments 
(as  shown  in  Figs.  1 7  and  1 8)  shows  that  the  potential  core  lengths  for  the  present  tests 
are  shorter  than  those  for  the  tests  of  Fejer,  et  al.  It  was  shown  in  Ref.  15  that  for 
tests  with  the  same  velocity  ratio,  those  with  the  lower  outer  stream  to  jet  density  ratio, 
Po/Pj,  have  longer  core  lengths.  The  density  ratios  for  the  present  tests  range  from  1.08 
to  1.23  (Appendix  II).  The  density  ratios  for  the  tests  of  Fejer,  et  al,  are  not  given, 
but  it  is  stated  that  the  total  temperatures  were  held  nearly  equal  so  it  is  probable  that 
the  density  ratios  are  approximately  1.0.  Since  the  density  ratios  for  the  present  tests 
are  higher  than  1.0,  the  density  ratio  effect  could  be  responsible  for  the  present  tests 
having  shorter  core  lengths. 

4.6  TURBULENT  TRANSPORT  PROPERTY  RESULTS  FOR  THE  AIR-AIR 

EXPERIMENTS 

4.6.1  Shear  Stress 

Radial  distributions  of  dimensionless  shear  stress  for  the  second  regime  are  plotted 
in  Figs.  19a  through  f  for  the  air-air  tests.  Here  again  the  data  for- the  u0/uj  =  0.98 
test  are  not  presented  because  of  the  problems  involved  in  evaluating  Eq.  (8)  using 
experimental  data  when  du/dr  =»  0.  The  shear  stress  is  nondimensionalized  by  half-radius 
shear  stress,  Tmu,  which  was  observed  to  correspond  approximately  to  the  maximum  shear 
stress  in  the  mixing  zone.  The  sign  of  the  shear  stress  was  always  the  same  as  the  sign 
of  the  velocity  gradient,  i.e.,  for  the  tests  with  u0/uj  <  1.0  the  shear  stress  is  negative. 
The  radial  profiles  of  the  dimensionless  shear  stress  exhibit  approximate  shape  similarity; 
however,  as  the  velocity  ratio  of  the  tests  approaches  one  from  either  side,  the  profiles 
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are  less  similar  especially  in  the  outer  edge  of  the  mixing  zone.  The  non-zero  values  of 
shear  stress  near  the  outer  edge  of  the  mixing  zone  should  probably  be  disregarded  because 
the  data  are  extremely  sensitive  to  errors  in  the  pitot  pressure  measurements  in  this  region. 

The  axial  distributions  of  Tm  u  which  are  presented  in  Fig.  20  are  somewhat  irregular. 
The  derivatives  of  the  integrals  appearing  in  Eq.  (8)  at  various  axial  stations  were  obtained 
with  a  spline  function  fit  of  the  axial  distribution  of  the  integral  quantities  as  discussed 
in  Section  3.1.  A  smoothing  function  applied  to  the  axial  distribution  of  the  integrals 
would  have  resulted  in  more  regular  axial  distributions  of  rm  u ;  however,  the  errors  resulting 
from  this  procedure  would  have  been  difficult  to  evaluate.  For  this  reason,  and  another 
argument  to  be  presented  in  Section  4.6.4,  it  was  decided  that  the  unsmoothed  results 
should  be  presented. 


4.6.2  Eddy  Viscosity 

The  eddy  viscosity  is  obtained  from  the  shear  stress  using  the  relation 

T 

e  =  - - — 

P  _°u_ 

dr 


(12) 


where  p  is  the  density,  and  3u/3r  is  the  slope  of  the  velocity  profile  as  obtained  from 
the  exponential  curve  fit.  Radial  distributions  of  second  regime  eddy  viscosity,  normalized 
with  emu,  are  presented  in  Figs.  21a  through  f.  Since  the  concentration  and  pitot  pressure 
measurements  are  not  reliable  near  the  outer  edge  of  the  mixing  zone,  the  lower  ten 
percent  of  the  data  (C/Cc  and  (u  -  uQ)/(Uj  -  u0)  less  than  0.10)  were  excluded  from 
the  exponential  curve  fit  of  the  velocity  data,  and  no  eddy  viscosity  data  are  available 
near  the  outer  edge  of  the  mixing  zone. 

Figure  21a  indicates  that  the  eddy  viscosity  is  relatively  constant  across  the  mixing 
zone  for  the  test  with  u0/uj  =  0.12.  For  the  remainder  of  the  tests  the  eddy  viscosity 
is  fairly  constant  out  to  the  half-velocity  radius  and  then  deviates  randomly  from  the 
value  at  the  half-velocity  radius.  Some  of  the  profiles  curve  upward  and  some  curve 
downward.  It  was  noted  in  Section  4.6.1  that  the  shear,  stress  was  high  in  the  outer  edge 
of  the  mixing  zone  for  some  of  the  axial  stations,  whereas  it  was  low  for  the  other  axial 
stations,  i.e.,  the  shear  stress  distribution  deviates  from  the  expected  shape.  The  random 
variation  of  the  eddy  viscosity  can  be  traced  to  the  likewise  random  variation  in  the  shear 
stress. 

It  is,  therefore,  difficult  to  establish  the  trend  of  the  variation  of  the  eddy  viscosity 
in  the  radial  direction.  It  is  noted,  however,  that  the  eddy  viscosity  for  the  test  with 
u0/uj  =  0.48  (Fig.  21c)  decreases  in  the  radial  direction  for  all  axial  stations.  The  shear 
stress  distribution  for  this  test  (Fig.  19c)  has  the  expected  shape,  which  decreases  from 
a  maximum  value  near  the  half-velocity  radius  to  zero  at  2  rmu. 

Axial  distributions  of  the  half-radius  eddy  viscosity  are  shown  in  Fig.  22  for  the 
air-air  tests.  There  is  a  general  trend  for  emu  to  increase  with  increasing  distance  into 
the  second  regime;  however,  the  experimental  second  regime  was  insufficiently  long  to 
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investigate  the  far  field  behavior  of  emu.  Additional  experiments  are  required  to  define 
the  far  field  flow  properties.  A  comparison  of  the  axial  distribution  of  emu  obtained 
in  the  present  air-air  tests  and  those  reported  in  Ref.  9  is  shown  in  Fig.  23.  The  half-radius 
eddy  viscosity  is  nondimensionalized  with  respect  to  the  product  of  the  jet  velocity  and 
nozzle  radius  in  order  to  compare  the  results. 

Fejer,  et  al  (Ref.  9),  calculated  the  eddy  viscosity  using  the  integral  form  of  the 
boundary  layer  equations  in  a  manner  similar  to  that  used  here.  In  their  data  reduction 
procedure,  the  static  pressure  term  was  dropped  from  the  integral  equations,  and  the  axial 
derivatives  were  determined  by  fitting  fourth-order  polynominals  to  the  values  of  the  several 
integrals  at  all  points  in  the  flow  field.  The  slopes  of  the  velocity  profiles  were  also 
determined  from  fourth-order  polynominals  fit  to  the  experimental  profiles. 

Figure  23  shows  that  there  is,  in  general,  good  agreement  between  the  results  of 
Ref.  9  and  the  present  results.  Both  sets  of  data  show  the  same  trend  of  increasing  em  u 
with  increasing  axial  distance,  and  it  is  apparent  that  the  nondimensional  half-radius  eddy 
viscosity  at  a  given  axial  station  in  general  increases  with  decreasing  velocity  ratio  (u0/uj). 

For  large  x/D  and  for  low  outerstream  velocities,  Prandtl's  constant  exchange 
coefficient  model  (Eq.  (3))  predicts  that  the  eddy  viscosity  tends  toward  a  constant  value, 
since  for  large  x/D  the  mixing  zone  width  increases  as  x  and  the  centerline  velocity 
decays  as  x1 .  Even  though  most  of  the  data  for  the  present  tests  are  for  the  near  field  (less 
than  35  center  nozzle  radii),  emu  for  the  test  with  uD/uj  =  0.12  seems  to  have  reached 
a  plateau.  This  is  also  indicated  by  the  data  of  Ref.  9  for  u0/uj  =  0.20  and  0.25.  The 
encroachment  of  the  outer  mixing  zone,  however,  influences  the  emu  for  the  present  tests 
with  u0/uj  >  0.37. 

The  Prandtl  eddy  viscosity  model  also  implies  that  the  eddy  viscosity  is  constant 
radially.  The  results  presented  here  show  a  possibly  significant  radial  variation  of  eddy 
viscosity.  The  significance  of  this  radial  variation  can  be  tested  using  the  back-calculation 
procedure  already  mentioned,  and  a  comparison  of  results  calculated  using  the  known 
eddy  viscosity  variation  with  those  obtained  using  a  constant  value  of  e(=emu)  across 
the  stream  will  be  presented  in  Section  4.6.4. 

4.6.3  Turbulent  Prandtl  Number 

Radial  distributions  of  the  turbulent  Prandtl  number  in  the  second  regime  are 
presented  in  Figs.  24a  through  f  for  the  air-air  tests.  There  is  considerable  scatter  in  the 
data,  and  a  definite  trend  of  the  radial  variation  of  Prandtl  number  is  not  apparent.  The 
average  value  of  Prandtl  number  for  all  of  the  tests  is  approximately  0.60  which  differs 
from  the  value  0.70  reported  by  Forstall  and  Shapiro  (Ref.  7).  The  back-calculation 
procedure  was  used  to  investigate  the  effect  that  varying  the  Prandtl  number  has  on  the 
calculated  radial  distribution  of  velocity  and  concentration.  The  results  of  this  investigation 
are  discussed  in  the  following  section. 
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4.6.4  Comparison  of  the  Experimental  Data  with  the  Results  from  a 
Finite  Difference  Computer  Program 

As  stated  in  Section  3.2,  a  finite  difference  computer  program  similar  to  that  used 
in  Ref.  6  was  used  to  evaluate  the  technique  for  calculating  the  turbulent  transport 
properties.  The  inputs  to  this  program  are  experimental  radial  profiles  of  velocity  and 
concentration  at  an  initial  axial  station  and  the  distribution  of  eddy  viscosity,  turbulent 
Prandtl  number,  and  Lewis  number  for  the  entire  flow  field.  The  program  then  calculates 
radial  distributions  of  velocity  and  concentration  at  numerous  axial  locations  in  the  flow 
field.  Figures  25  and  26  show  comparisons  between  experimental  and  calculated  radial 
profiles  at  three  axial  stations.  The  agreement  is  good,  which  indicates  that  the  eddy 
viscosity  data  are  consistent  with  the  mean  flow  data. 

The  value  of  turbulent  Prandtl  number  used  in  the  calculation  procedure  was  0.60 
which  is  an  average  value  of  Prandtl  number  for  all  of  the  tests.  The  average  values  of 
the  Prandtl  number  for  the  individual  air-air  tests  are  tabulated  in  Appendix  II.  The  data 
of  Figs.  25  and  26  (u0/uj  =  0.48  and  u0/uj  =  0.65)  were  recalculated  using  the  average 
Prandtl  number  obtained  for  the  individual  tests  (Prt  =  0.65  for  uD/uj  =  0.48  and  Prt 
=  0.76  for  u0/uj  =  0.65),  and  the  results  are  presented  in  Figs.  27  and  28.  A  comparison 
of  Figs.  25  and  27  (u0/uj  =  0.48)  shows  that  a  negligible  change  in  the  results  of  the 
calculation  result  from  changing  the  Prandtl  number  from  0.60  to  0.65  which  is  the  average 
value  of  Prt  for  the  test.  However,  comparison  of  Figs.  26  and  28  show  a  substantial 
improvement  in  the  concentration  correlation  when  the  Prandtl  number  is  changed  from 
0.60  to  0.76  which  is  the  Prt  for  the  test  with  u0/uj  =  0.65.  This  result  indicates  that 
better  agreement  between  experimental  data  and  the  computer  results  can  be  obtained 
if  the  average  Prandtl  number  for  the  individual  test  is  used  instead  of  an  average  value 
for  all  of  the  tests. 

The  back-calculation  procedure  was  used  to  investigate  the  effect  of  using  constant 
radial  eddy  viscosity,  em  u ,  rather  than  the  experimentally  determined  radial  distributions 
to  calculate  the  air-air  mixing  flow  field.  Radial  velocity  distributions  obtained  by  the 
two  methods  are  compared  in  Figs.  29  and  30  for  u0/uj  =  0.48  and  u0/uj  =  0.65, 
respectively.  The  results  indicate  that  the  agreement  between  experimental  and  calculated 
results  is  improved  only  slightly  by  using  the  experimentally  determined  distribution  of 
eddy  viscosity.  Also,  it  is  observed  that  the  velocity  profile  shape  is  not  very  sensitive 
to  the  radial  distribution  of  eddy  viscosity. 

The  finite  difference  program  was  also  used  to  compare  results  obtained  using  an 
axial  spline  fit  of  the  integral  values  in  Eq.  (8)  as  discussed  in  Section  3.1  and  results 
,  obtained  using  a  least  squares  cubic  fit  of  the  integral  values.  The  cubic  fit  smooths  the 
data  and  does  not  necessarily  pass  through  the  individual  points.  Figure  31  shows  a  typical 
comparison  for  axial  decay  of  velocity  and  concentration  for  air-air  test  u0/uj  =  0.48. 
The  results  obtained  with  the  spline  fit  gives  consistently  better  agreement  with  the 
experimental  data.  This  result  was  considered  when  it  was  decided  that  the  unsmoothed 
shear  stress  distributions  (Section  4.6.1)  should  be  presented. 
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4.7  TIME-AVERAGED  FLOW  FIELD  RESULTS  FOR  THE  HYDROGEIM-AIR 

EXPERIMENTS 

The  centerline  decay  of  velocity  and  concentration  for  the  hydrogen-air  tests  are 
shown  in  Figs.  32  and  33,  respectively.  As  for  the  air-air  experiments,  a  comparison  of 
the  axial  distributions  of  centerline  velocity  and  concentration  shows  that  mass  is 
transported  more  rapidly  than  momentum.  These  curves  indicate  that  the  rate  of  mixing, 
as  indicated  by  first  regime  length  and  centerline  decay  in  the  second  regime,  increases 
as  velocity  ratio  (u0/uj)  increases  for  systems  with  approximately  the  same  density  ratio 
(Po/Pj)-  Note  that  the  solid  symbols  represent  the  lower  density  ratio,  which  was  achieved 
by  heating  the  outer  stream  By  comparing  curves  at  approximately  the  same  velocity 
ratio,  but  different  density  ratios,  it  can  be  seen  that  the  centerline  velocity  and  - 
concentration  at  a  given  axial  station  are  lower  for  the  higher  density  ratios.  Since  the 
mixing  increases  with  increasing  velocity  ratio  and  with  increasing  density  ratio,  it  is 
reasonable  to  ask  if  the  mixing  increases  with  increasing  mass  flux  ratio  (p0u0/pjUj). 

The  concentration  core  length  is  plotted  versus  outer-to-inner  jet  mass  flux  ratio  in 
Fig.  34  which  contains  data  from  the  hydrogen-air  tests,  the  present  air-air  tests,  and 
the  air-air  tests  reported  in  Ref.  9.  These  core  lengths  were  determined  by  extrapolation 
of  the  linear  portion  of  the  appropriate  logarithmic  concentration  decay  plot  to  unity 
concentration  ratio.  The  mass  flux  ratios  for  the  hydrogen-air  tests  are  greater  than  1 .0, 
and  a  trend  of  decreasing  core  length  (which  is  equivalent  to  increased  mixing)  with 
increasing  mass  flux  ratio  is  shown.  The  air-air  data  ranges  from  0.13  to  1.87  in  mass 
flux  ratio,  and  the  core  length  increases  with  increasing  mass  flux  ratio  up  to  a  mass 
flux  ratio  of  1.0  and  then  decreases  with  increasing  mass  flux  ratio  above  1.0,  which 
is  consistent  with  the  hydrogen-air  results  in  the  same  mass  flux  range. 

Composite  plots  of  dimensionless  velocity  and  concentration  in  the  second  regime 
are  shown  in  Figs.  35  and  36.  Data  from  all  of  the  tests  and  all  axial  stations  in  the 
second  regime  are  contained  on  the  plots.  As  for  the  air-air  experiments,  the  concept 
of  approximately  shape  similarity  is  illustrated,  but  again  the  deviations  from  similarity 
are  significant  in  the  evaluation  of  transport  properties.  A  cosine  distribution,  which  is 
a  very  good  representation  of  the  velocity  profile  data,  is  shown  in  Fig.  35  for  purposes 
of  comparison.  A  more  detailed  discussion  of  the  time-averaged  flow  field  results  for  the 
hydrogen-air  experiments  is  contained  in  Ref.  15. 

4.8  TURBULENT  TRANSPORT  PROPERTY  RESULTS  FOR  THE 

HYDROGEN-AIR  EXPERIMENTS 

4.8.1  Shear  Stress 

Radial  distributions  of  the  dimensionless  second  regime  shear  stress  are  shown  in 
Figs.  37a  through  h.  It  is  the  author's  belief  that  these  are  the  First  radial  distributions 
of  shear  stress  in  a  hydrogen-air  mixing  system  to  be  reported.  The  curves  are  discontinued 
at  r  =  2  rmu  because  data  near  the  edge  of  the  mixing  zone  are  extremely  sensitive  to 
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errors  in  the  concentration  and  pitot  pressure  measurements.  The  large  deviation  from 
the  average  at  stations  x/r„  =  17.7  and  x/r„  =  25.6  in  Fig.  37e  (uQ/uj  =  0.42)  and  station 
x/rn  =  9.2  in  Fig.  37f  (u0/uj  =  0.22)  occur  because  of  significantly  skewed  (radially 
nonsymmetric)  concentration  profiles,  but  the  reason  for  the  skewed  concentration  profiles 
is  unknown. 

The  axial  distributions  of  shear  stress,  rmu,  are  shown  in  Fig.  38.  As  was  the  case 
for  the  air-air  data,  these  curves  exhibit  a  somewhat  irregular  behavior.  They  show  a  general 
trend  of  decreasing  shear  stress  with  increasing  axial  distance,  which  the  air-air  data  did 
not  show.  However,  the  hydrogen-air  data  extend  relatively  farther  into  the  decaying  region 
(second  regime)  than  the  air-air  data  do  because  the  hydrogen-air  core  lengths  are  shorter. 
As  noted  earlier,  the  data  in  the  first  regime  are  so  sparse  that  no  conclusions  can  be 
drawn  about  the  behavior  near  x/rn  =  0. 

4.8.2  Eddy  Viscosity 

Radial  distributions  of  dimensionless  eddy  viscosity  for  the  second  regime  are 
presented  in  Figs.  39a  through  h.  The  curves  show  a  well-defined  tendency  for  e  to  decrease 
linearly  in  the  radial  direction.  It  should  be  noted  that  the  lateral  density  gradient  in 
the  mixing  zone  decreases  with  increasing  downstream  distance  and  that  attempts  to 
normalize  the  e  distribution  in  terms  of  pe  and  p2e  were  unsuccessful. 

Axial  distributions  of  emu  are  shown  in  Fig.  40.  The  curves  are  rather  flat  over 
the  region  for  which  data  are  available,  but  the  curves  are  not  defined  far  enough 
downstream  to  indicate  the  far  field  behavior. 

4.8.3  Turbulent  Prandtl  Number 

Radial  distributions  of  second  regime  Prandtl  number  are  shown  in  Figs.  41a  through 
h.  The  data  of  test  u0/uj  =  0.42  are  badly  scattered.  iThis  test  was  at  the  lowest  jet  velocity, 
and  the  concentration  measurements  were  quite  low  and  are  subject  to  greater  error  than 
the  others  shown  (because  of  low  levels  of  concentration  in  the  field).  In  spite  of  the 
scatter  for  this  test,  there  is  no  indication  that  a  constant  Prt  value  is  not  adequate.  For 
Figs.  41a  through  e,  a  reasonable  average  value  of  the  Prandtl  number  would'.be  0.85, 
whereas  for  Figs.  41  f  through  h  at  the  higher  density  ratios  a  better  value  is  0.80.  It 
is  noteworthy  that  a  single  average  Prt  is  more  satisfactory  for  these  tests  than  for  the 
air-air  tests. 

4.8.4  Comparison  of  the  Experimental  Data  with  the  Results  from 
a  Finite  Difference  Computer  Program 

As  previously  stated  (Section  4.6.4),  comparison  of  calculated  and  experimental  radial 
velocity  and  concentration  profiles  was  used  as  the  criteria  for  evaluating  the  technique 
for  calculating  the  turbulent  transport  properties.  Typical  results  of  such  back-calculations 
for  the  hydrogen-air  tests  are  shown  in  Fig.  42  for  the  test  with  u0/uj  =  0.23.  The  turbulent 
Prandtl  number  used  for  the  calculations  was  0.85.  The  calculated  and  experimental  velocity 
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and  concentration  profiles  show  good  agreement  which  indicates  that  the  eddy  viscosity 
data  are  consistent  with  the  mean  flow  data. 

The  finite  difference  computer  program  was  also  used  to  compare  results  obtained 
using  an  axial  spline  fit  of  the  integral  values  in  Eq.  (8)  as  discussed  in  Section  3.1  and' 
results  obtained  using  a  least  squares  cubic  fit  of  the  integral  values.  Typical  results  are 
shown  in  Fig.  43  for  the  test  u0/uj  =  0.23.  As  for  the  air-air  tests,  the  results  obtained 
with  the  spline  fit  give  better  agreement  with  the  experimental  data. 

SECTION  V 
CONCLUSIONS 

The  primary  difference  between  this  experimental  investigation  and  other  similar 
investigations  is  the  emphasis  on  relatively  thin  initial  boundary  layers  in  coaxial  flows 
with  simultaneous  effects  of  momentum,  energy,  and  mass  transfer.  Shear  stress  and  eddy 
viscosity  distributions  have  not  been  previously  reported  for  any  hydrogen-air  mixing  tests. 
Several  conclusions  can  be  drawn  from  this  investigation: 

1 .  The  experimental  technique  used  is  capable  of  producing  good-quality  mean 
flow  field  data. 

2.  The  integral  technique  used  for  calculating  the  turbulent  transport  properties 
gives  satisfactory  results,  which  can  be  shown  to  be  consistent  with  the 
mean  flow  field  data. 

3.  For  the  air-air  tests,  the  mass  flux  ratio  p0u0/pjUj  varies  from  0.13  to  1.87, 
whereas  for  the  hydrogen-air  tests  the  mass  flux  ratio  is  greater  than  1.0. 

The  potential  core  lengths  increase  for  increased  mass  flux  ratio  up  to  a 
value  of  1.0  for  the  air-air  tests,  and  the  core  lengths  decrease  for  increased 
mass  flux  ratio  above  1.0  for  both  the  air-air  and  hydrogen-air  tests. 

4.  The  assumption  of  profile  shape  similarity  is  a  good  approximation  for  the 
mixing  systems  considered  if  the  main  interest  is  in  the  integral  properties 
of  the  profiles.  However,  the  deviations  from  shape  similarity  are  significant 
when  evaluating  the  turbulent  transport  coefficients. 

5.  The  turbulent  Lewis  number  can  be  considered  to  be  unity  for  the  subsonic 
cases  investigated. 

6.  For  the  air-air  systems,  a  significant  radial  variation  of  the  second  regime 
eddy  viscosity  was  observed  for  some  stream  velocity  ratios.  At  other 
velocity  ratios,  the  eddy  viscosity  does  not  vary  significantly  in  the  radial 
direction. 

7.  The  eddy  viscosity  decreases  linearly  in  the  radial  direction  for  the 
hydrogen-air  system,  and  the  radial  variation  is  not  simply  related  to  the 
density  profile. 
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8.  There  is  considerable  scatter  in  the  turbulent  Prandtl  number  results  for 
the  air-air  tests.  An  average  value  for  all  of  the  tests  was  approximately 
0.60,  whereas  the  average  values  for  the  individual  tests  varied  from  0.49 
to  0.76. 

9.  The  turbulent  Prandtl  number  is  approximately  constant  (0.80  to  0.85) 
over  the  inner  two-thirds  of  the  mixing  zone  for  the  hydrogen-air  system. 

The  far  field  turbulent  transport  behavior  was  not  investigated  because  of  the  limited 
axial  distance  over  which  data  were  obtained.  An  obviously  desirable  extension  of  the 
present  experiments  would  be  to  modify  the  apparatus  so  that  data  could  be  obtained 
at  downstream  distances  up  to  at  least  60  central  nozzle  radii  from  the  initiation  of  mixing. 
Another  useful  study  would  be  the  effect  of  different  boundary  layer  thicknesses  on  the 
first  regime. 
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Fig.  5  Concentration-Enthalpy  Relationship  for  Air-Air  Tests 
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Fig.  6  Concentration-Enthalpy  Relationship  for  Hydrogen-Air  Tests 
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Fig.  10  Static  Pressure  Profiles  for  Air-Air  Test,  u0/uj  =  1.52 
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Fig.  14  Centerline  Concentration  Decay  for  Air-Air  Tests 
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Fig.  24  Second  Regime  Radial  Distributions  of  Prandtl  Number  for  Air-Air  Tests 
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Fig.  25  Comparison  of  Measured  and  Calculated  Second  Regime  Radial  Profiles 
for  Air-Air  Test  u0/uj  =  0.48,  Prt  =  0.60 
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Fig.  26  Comparison  of  Measured  and  Calculated  Second  Regime  Radial  Profiles 
for  Air-Air  Test  u0/uj  =  0.65,  Prt  =  0.60 
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Fig.  27  Comparison  of  Measured  and  Calculated  Second  Regime  Radial  Profiles 
for  Air-Air  Test  u0/ui  *  0.48,  Prt  =  0.65 
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Fig.  28  Comparison  of  Measured  and  Calculated  Second  Regime  Radial  Profiles 
for  Air-Air  Test  uc/U|  =  0.65,  Prt  =  0.76 
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Fig.  29  Comparison  of  Measured  and  Calculated  Velocity  Profiles,  with 

Constant  Radial  e  and  with  Radial  Variation  of  e  for  Air-Air  Test 
u0/uj  =  0.48,  Prt  -  0.65 
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Constant  Radial  e  and  with  Radial  Variation  of  e  for  Air-Air  Test 
u0/Uj  =  0.65,  Prt  =  0.76 
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Fig.  32  Centerline  Velocity  Decay  for  Hydrogen-Air  Tests 
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Fig.  34  Concentration  Core  Length  as  a  Function  of  the  Outer-to-Inner-Jet  Mass  Flux  Ratio 
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Fig.  35  Composite  Second  Regime  Radial  Velocity  Profile  for  all  Hydrogen-Air  Tests 
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Fig.  36  Composite  Second  Regime  Radial  Concentration  Profile  for  all  Hydrogen-Air  Tests 
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Fig.  37  Second  Regime  Radial  Distributions  of  Shear  Stress  for  Hydrogen-Air  Test 
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Fig.  38  Axial  Distributions  of  the  Half-Radius  Shear  Stress  for  Hydrogen-Air  Tests 
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d.  U0/Uj  =  0.33 
Fig.  41  Continued 
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g.  u0/uj  =  0.31 
Fig.  41  Continued 
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Fig.  42  Comparison  of  Measured  and  Calculated  Second  Regime  Radial  Profiles 
for  Hydrogen- Air  Test  u0/ui  =  0.23 
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APPENDIX  II 

NOMINAL  EXPERIMENTAL  CONDITIONS 

EXPERIMENTAL  CONDITIONS  FOR 
AIR-AIR  TESTS 


U0/Uj 

Pol  Pi 

uj,  ft/sec 

Tj,°R 

H 

o 

~  0 

* 

PoUo/pjUj 

Avg  Prt 

0.12 

1.08 

405 

570 

530 

0.13 

0.7 

0.37 

1.07 

410 

530 

500 

0.40 

0.49 

0.48 

1.12 

400 

565 

510 

0.54 

0.65 

0.65 

1.14 

405 

565 

505 

0.74 

0.76 

0.98 

1.14 

395 

530 

485 

1.12 

— 

1.28 

1.16 

380 

540 

485 

1.48 

0.62 

1.52 

1.23 

380 

535 

480 

1.87 

0.52 

EXPERIMENTAL  CONDITIONS  FOR 

HYDROGEN-AIR  TESTS 

Uo/Uj 

Pot  Pi 

Uj, ft/sec 

Tj,°R 

T0,°R 

PoUo/PjUj 

0.16 

11.11 

■B 

550 

1.78 

0.23 

11.11 

f$SfES| 

550 

650 

2.55 

550 

650 

3.25 

Wamm 

550 

650 

4.12 

0.42 

1900 

550 

650 

5.25 

7.14 

3100 

550 

1.56 

7.69 

2450 

550 

2.39 

8.33 

1950 

550 

1050 

3.32 

100 


AEDC-TR-71-236 


APPENDIX  III 

RELATIVE  ERROR  ANALYSIS 

The  measured  parameters  are  listed  in  Table  III-I  with  an  estimate  of  the  measuring 
accuracy. 

In  the  following  relative  error  equations*,  y  is  assumed  to  be  a  constant.  This 
assumption  is  justified  by  considering  that  the  maximum  deviation  of  y  is  from  1.4  to 
1.7  percent.  This  deviation  was  obtained  when  the  outer  airstream  was  heated  to  1050°R. 

The  relative  error  equation  for  enthalpy  in  the  hydrogen-air  mixing  system  is 


dH 

H 


c 

dC 

(1-C) 

dH 

a 

J  H" 

C  +  (l-C)-i 
Hh 

+ 

H  I 

Hh+<1-C)T‘ 

c  + 

tH.  '  ^ 

~r~  +<1’c3 

a  a 

IT 

a 

The  relative  error  equation  for  density  in  the  hydrogen-air  mixing  system  is 


d£ 

P 


-dT 


(g>  —a> .)  C 
o  i 


dC 


y-1  ^P_t  1  ^ _ 

+  V  Pt  +  Y  P.  c 


The  relative  error  equation  for  velocity  in  the  hydrogen-air  mixing  system  is 


d„  1  dTt 

r  T*  y-il 

|4p  Vj(<ao-o>.)C  dc 

y-i  i  Tt 

dP, 

u  “  2  Tt  + 

TmyM2  2Y 

p,  (o>  ~<a.)C  +  <a.  C 

*  0  1  ] 

2 Y  ~yM2  T4 

P, 

These  equations  are  written  for  the  mixing  flow  field  conditions.  They  are  applicable 
for  the  plenum  conditions  if  the  appropriate  measured  quantities  are  used.  Similar  equations 
may  be  written  for  the  air-air  mixing  system,  but  these  equations  are  more  complicated 
because  the  jet  gas  must  be  treated  as  a  two-component  mixture. 

The  terms  (rmc  and  rmu)  are  selected  from  curve  fits  and  do  not  depend  on  the 
accuracy  of  the  measurement  of  a  single  point.  It  is  estimated  that  they  are  accurate 
within  ±3  percent. 

The  relative  error  equation  for  (u  -  u<j  )/(uc  -  u0)  is 


*To  obtain  these  equations,  the  equation  for  the  parameter  in  question  is  differentiated,  and  the  result  is  divided 
by  the  original  expression.  The  equations  for  enthalpy,  density,  and  velocity  are  contained  in  Appendix  IV. 
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The  expression  [(u  -  ue)/(uc  -  Uo)]  is  susceptible  to'large  inaccurades'when  u  approaches 
Uo  near  the  outer  edge  of  the  mixing  zone.  For  this  reason,  the  uncertainty  of  the  data 
for  r/rmu  >  ±2.5  is  very  large,  and  the  data  are  omitted  from  the  curves  presented.  The 
same  situation  is  true  for  the  composition  data.  The  low  composition  measurements,  which 
have  large  measurement  uncertainty,  occur  at  the  outer  edge  of  the  mixing  zone. 
Consequently,  the  data  for  r/rmc  >  ±2.5  are  omitted. 

TABLE  1 1 1-1 

MEASUREMENT  ACCURACY 


Parameter 

Estimate  of 

Measurement  Accuracy, 
Percent  of 

Absolute  Value 

Range 

Ps 

±1 

All  Considered 

Pt 

±1 

All  Considered 

Ptj 

±1 

All  Considered 

Pto 

±1 

All  Considered 

Tt 

±0.5 

All  Considered 

Ttj 

±0.5 

All  Considered 

Tto 

±0.5 

All  Considered 

R 

±2 

All  Considered 

X 

±2 

All  Considered 

c  j  § 

±2 

>0.05  to  1.0 

C(  f  3 

±10 

>0.02  to  0.05 

c(  t* 

±50 

>0.01  to  0.02 

c ;  * 

Uncertain 

0.0  to  0.01 

c)  a 

±5 

>0.05  to  1.0 

c(  «! 

±10 

>0.02  to  0.05 

Cl  1 

±50 

>0.01  to  0.02 

c)  < 

Uncertain 

0  to  0.01 
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APPENDIX  IV 

CALCULATION  PROCEDURE  FOR  DATA  REDUCTION 

Gas  mixture  properties  for  the  hydrogen-air  tests  were  calculated  from  the  measured 
parameters  by  using  the  relationships  listed  below.  Tables  of  specific  heat  and  enthalpy 
for  air  and  hydrogen  over  a  temperature  range  from  500  to  1500°R  were  put  into  the 
computer  program.  The  information  was  taken  from  gas  tables  (Ref.  17).  Similar 
relationships  were  used  for  the  air-air  tests. 

Jet  Mass  Flow 


where  Kj,  a  dimensional  proportionality  constant,  is  furnished  from  the  orifice  calibration. 

Total  Enthalpy 


H  =  CHh  +  (l-C)Ha 

where  Hi,  and  Ha  are  obtained  from  the  enthalpy  table  for  the  measured  total  temperature. 

Molecular  Weight 


CO  .CO 

_ J_" _ 

C(w  -Cl)  .)  +  CO 
o  J  J 


Specific  Heat 

Cp  =  C(Cpj)  +  (1  -  C)Cpo 

where  Cpj  and  Cpo  are  selected  from  the  table  of  specific  heats  for  the  measured  total 
temperature. 


Ratio  of  Specific  Heats 


Mach  Number 


C  at 
P 

C  co  -  R 

p 


M2  = 


y-t  Ip, 


- 1 
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Static  Temperature 

t,  - 


Density 


Velocity 
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APPENDIX  V 

TABULATED  EXPERIMENTAL  DATA 
Nomenclature  for  Tabulated  Experimental  Data 

C  Mass  fraction  of  jet  gas 

CP  Specific  heat  at  constant  pressure 

CPJ  Constant  pressure  specific  heat  of  jet  gas 

CPO  Constant  pressure  specific  heat  of  outer  stream  gas 

GAM  Ratio  of  specific  heats 

GAMJ  Ratio  of  specific  heats  of  jet  gas 

GAMO  Ratio  of  specific  heats  of  outer  stream  gas 

H  Total  enthalpy 

HJ  Total  enthalpy  of  jet  gas 

HO  Total  enthalpy  of  outer  stream  gas 

MW  Molecular  weight 

MWJ  Molecular  weight  of  jet  gas 

PS  Static  pressure 

PT  Total  pressure 

PTJ  Total  pressure  of  jet  gas 

PTO  Total  pressure  of  outer  stream  gas 

R  Radial  distance 

RHO  Density 

RHOJ  Density  of  jet  gas 

RHOO  Density  of  outer  stream  gas 

RS  Control  volume  radius 
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TS  Static  temperature 

TSJ  Static  temperature  of  jet  gas 

TSO  Static  temperature  of  outer  stream  gas 

TT  Total  temperature 

TTJ  Total  temperature  of  jet  gas 

TTO  Total  temperature  of  outer  stream  gas 

U  Velocity 

UJ  Velocity  of  jet  gas 

UO  Velocity  of  outer  stream  gas 

WJ  Jet  mass  flow  as  measured  by  a  choked  orifice 

X  Axial  distance 
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03 

5. 174E 

02 

7.295E-02 

3.317E 

02 

1.275E 

02 

5.264E 

02 

Z.168E 

03 

- 1.838F-02 

_J  . 706E-01 

2 • 424E-01 

1-4<UI-  00 

2.865F 

Ol 

2.040C 

03 

5.  1 45F 

0? 

7. 354E-02 

3.I26E 

0? 

1.262E 

02 

5.225E 

02 

2.154E 

03 

-2.618E-02 

2.687F-01 

2.416E-01 

1.401E 

00 

2.874E 

01 

2. 041 E 

03 

5.097E 

02 

7 . 4471 — 02 

2.981E 

02 

1.246E 

02 

5. 170c 

02 

2.145E 

03 

_ -3.270E-02 

1  . 8  48E-0 1 

2.410E-0L 

1.401C 

2 • 88  IE 

(>1 

_2.041C 

03 

5.047b 

o? 

7 • 540E-02 

2.859E 

07 

1.229F 

07 

_5  •  115b 

02 

2.138b 

03 

-4.064E-02 

1 «  004E-0 1 

2.404E-01 

1.401E 

00 

2.688E 

01 

2.041b 

03 

5.0I8E 

02 

7.608C-02 

2.743F 

07 

1.217E 

02 

5.078E 

02 

2.13IE 

03 

-4.8 lbE-02 

5.569C-02 

7.400E-01 

1.401E 

00 

2.892E 

01 

7.041E 

03 

4.984E 

02 

7.666E-02 

2.676b 

02 

1.207E 

02 

5.043F 

07 

2.128E 

03 

-5.601E-02 

1 .90 JC— 02 

2.398E-01 

1.401E 

00 

2.895E 

OL 

7.04lb 

03 

4.975E 

02 

7.  6881 — 02 

2.649E 

02 

1.203E 

02 

5 . 033E 

02 

7.126E 

03 

—6 . 293E-Q2 

1.O91E-02 

2.397E-01 

.1.4  DIE 

Q0_ 

2.896E 

01 

2.04OC 

03_ 

_ 4.974F 

02 

7. 689E-02 

2.633E 

07 

1.203E 

02 

5.03ZE 

02 

2.17  5E 

03 

AEOC-TR-71-238 


X1FTI  RS(FT)  WJUM/iEC)  MWJ(  AM/HOLE  I  TTJ*R|  PTJiPSFI  CPJ*8UI/*R)  GAHJ  RH0JCAM7FT  31  UJCFT/S6CI 

8.7472E-0I _ 6..  828.66-02 _ .3-4QQ2E- 02... 2  -  811  5E  .0.1 .  _5.*L7? L  E_02  7.2177.E.JL3 _ 2.$7.19E-;01  1 . 400.16  _00  .  6.*  8189E-02  .  3.97856  02 

_HJ(BTU/#|  _J.S4.IRI, _ TSD(R»  HOCBTU/AI _ JTO*RJ. _ ET.OIP.Sri  CPOCBru/#  Rl.  ..GAMO  RHOlM  AH/F1.3L  UOl  FT/SEC  I 

1.37I5E  02  5.4443E  02  4.9609E  02  L. 19946  02  5.01936  02  7.1Z5*E  03  2.3961E-01  1.4007E  00  7.7099E-02  2.6498E  02 


R(rTI  C  CP(BTU/i  K)  G  AH  HU 

_6.22«E-02  _1..757£r02_2-3  93E-0l _ L„itlllf:_0.0_2  .895e_o*_ 

5.46*6-02  4.030E-02  2.399E-01  1.40LE  00  2.893E  Ol 

4.7Z4E-02_  *  •  700f702_2.t^.Q.lE-OL  1 .40.*  E  00  2.B91E  01 

3.970E-02  1.423E-01  2.407E-01  1-401E  00  2.B85E  OL 

3.2b  ft-  02  1.954F-0I  7.41  IF-OI  L.40IE  00  2.R80F  01 


2.536E-02  2.611E-0L  2.416E-01  1.4016  00  2.874E  OL 

_lj_8.L3tr.02  3.452Er01 _ 2._4226“01  1.401  E_Q0_2  •  86 7.E_  0 L_ 

1.L03E-07  4.404E-01  2. 4296-01  1.400E  00  2.859E  Ol 

6 . 358E^0J _ 4.6 9_4.£t-0  1 _ 2 ._43 lE^l _ L. 400 6  00  2.8^E _0l__ 

2-bp0E-O3  4.564E-01  2.430E-01  1.4006  00  2.857E  OL 

-1.175C-Q3  . 4-I36E~QJ _ 2.432E-01  .1.4QPE  QQ  2.8S6E  01 

-5. 0936— 03  4.6L4E-0L  2.43LE-0L  1.400E  00  2.857E  OL 

-8.92  2E-03 _ 4jil2Er0L_2._430EriLl _ i-^LOLE  00  2.85  7E_01_ 

“1.2556-02  4.L36E-0L  2.427E-01  L.40Lfc  00  2.06LE  OL 

-l«nZE-02_3.42QEMll„Z*A22£-0L  l  ♦4.<Ilf_QQ_2...B6.7.6_0  L_ 


PStPSFI  TS(R)  KHOCAH/FT  31  UCTT/SECI 

_2  •0.4.0£_0i  5,O09E_02 _ 7..631Er.02  2.5_63f_Q2_ 

2.040E  Q3  5.0006  02  7.642E-0 2  2.624E  02 

,2.04QE_03 _ 4..99AE  02  7.639E-02  2.668E  02 

2.040E  03  5.0316  02  7.571E-02  2.74LF  02 

7.Q4QE  03  5-0*7E  Q2 _ T^LE-OZ  2^87 7E  02  _ 


2.040E  03  5.092E  02  7. 

2. 040E_03 _ 5 .  L29F  02 

2.040E  03  b.lf4E  0?  7 

2.04OE  03  _5_..L 77_E_02_  7.. 
2.04QF  03  5.181E  02  7 


453E-02  3  *0  29  E  02 

38LEr02_  3. L3 7E_02 . 
295E-02  3.226F  02 

285E-02_..1.272E_  07 
282E-02  3.292E  02 

78LE-02  3. 309 E  07 


-2.6476-02 
-3.41  HE— 02 


2.700E-OL 

lt74fr£zQl 


2.416E-01 

2.409F.-01 


1.40LE  00 
1. 401 E  OQ 


2.873E  OL 
Z«B82E  01 


2.040C  03  5. L  7b t  02  7. 

2.040E  03  _  5,..L6.0F_j02 —  T...3 
2.040E  03  5. 1426  02  7. 

2.04QE  03 _ 5.12 3E  02  7. 

2.040E  03  5.088b  02  7. 

lx-Q4IE  03  5.04JE  OZ  7f^7E-02 _ ?t85lE  02 


• 290E-02  3.244E  02 

...3llEr02_.lf.21.4C_02 
.347E-02  3.LB3E  02 
•_39LEt02_  3.LL0E  07 
•458E-02  2.974E  02 


H(8TU/»I 

TTIRI 

PTIPSM 

l 

L.2L1E  02 

5.064E 

02 

2.LL9E 

03 

L.2L0E 

02 

5.0576 

02 

2.L23E 

03 

1.2  L  lb 

02 

5.057E 

02 

2.  1266 

03 

1.222E 

02 

5.094E 

02 

2. (306 

03 

jtz3?e 

02.. 

-!02?IL_P2  .. 

2.L39E 

03 

L-245E 

07 

5. L68E 

02 

2. i486 

03 

J-258E 

02 

S.210E 

02 

7.  14  56 

03 

1.273E 

02 

5.2606 

02 

Z.16LE 

03 

L.276E 

02. 

?. 265E 

02 

2.164E 

03 

1.277E 

02 

5.270E 

02 

2.165E 

03 

1.277E 

02 

5.269E 

02 

2.1»7E 

03 

1.Z75E 

02 

5.2626 

02 

2-162E 

03 

1.271E 

02  ... 

5.245E  .02 

7.160E 

03 

L. 2646 

02 

5.226E 

02 

2* 15  Ah 

03 

1..Z5JC  02.  5.203E 

02 

2.1546 

03 

7.Z43E 

02 

5.161E 

02 

2-145C 

03 

1.72HE 

02. 

5.L10F  02 

2.  1 37E 

03. 

1-4 0*t  OQ _ 2 * 8956_0.l_ 


2 -04 ( E  03  5.01LE  02  7. 

2.04LE  03 _ 4.992E  02 _ 7... 

2.040E  03  4.9R0E  02  7. 

2.040 E  03  4-980E  0 2__7_. 


616E-02  2.766E  0?  1.2L6E  02  5.074E  02  7.1J3E  03 

$5 1 E-07.  2 .6896.  07  1.209E  02  5 .0526  02  _7.J 7 HE  03 

674E-02  2.4 54 E  02  1.205E  02  5-039E  02  2.  L26C  03 

677E-02  2..636E  02  1.205E  02 _ 5^038E  02  2.  L24fc  03 


AIR-AIR  TEST,  ^*(198 


XIFI)  RSIFT)  WJ(iN/SEC)  MWJ  ( BM  /MOLE )  TTJIRI  PTJ(PSF)  CPJIBTU/t  R)  GAMJ  RHflJ  ( IM/FT  3)  UJIFT/SEC) 

.UH1EJZ-  2.752PE-07  4.4711F-02  2.B1496  Q1  5.2S3BF  (12  2.230BE  83  2.-4666LQ1 _ LtAOOSE  00  7.3392E-02  3.61 80F  02 

_ HJI8TU/1I _ LSJIRJ _ TSOfRJ _ HtllBTII/1)  TTfllRI  PTOIPSFJ _ CP_01BT.U/_*_RI _ GAHD  RHflO  liM/FT  31  UOIFT/CFCI 

I.293BE  02  S.1579E  02  4.6990E  02  1.1490E  02  4.8090E  02  2.2503E  03  2.395LE-01  1.4010E  00  8.2B21E-02  3.6334E  02 


RCFTI 

c 

CP ( BTU/f  R 1 

CAN 

MU  PS(PSF) 

T  S(R ) 

RHO(tH/FT  3) 

UlFI/SEC) 

H( BTU/f) 

TTI R ) 

PTIPSF) 

_  3.9  52E-02_ 

9.24  IE -03 _ 2.196E-01  1-401E 

00 

.2 .8.96 E _ QLl _ 2.074E 

01  4 . 7 I8E 

.02 

_8.238Ec02 _ 1.535F 

02 

L--112JL-Q2 _ 4.8ZZE  02 _ 2V2ME. 

-03 

2-893E-02 

I.I75E-02 

2  *  396E-01 

I.401E 

00 

2.896E  01  2.075E 

03 

4.697E 

02 

8 . 282E-02 

3.605E 

02 

1.149E 

02 

4.805E  02 

2.247F 

03 

_ 2-566E-02 

_1.132E-02_2.396E-01_ 

1-401F  00 

.  2,896E_01_  Z.H76F- 

.03 

4  •  7.02f_Q2_ 

_8.276E-02_ 

3.600E  07 

1.15.0E. 

_D2 _ 

_6aB10E_02 

2*  2AZE—03 — 

2.300E-02 

1.445E-02 

2-396E-01 

1.401E 

00 

2.896E  01  2.076E 

03 

4.722E 

02 

8.240E-02 

l.^E 

02 

1.154E 

02 

4.828E  02 

2.244E 

03 

2.106E-02 

2  .  Htf-Ql 

2.411F-01 

I.4.01E 

00 

2-879F  01  7-077F 

03 

4.870b 

02. 

7 . 94&E— 02 

3.4S1F 

02 

1.  195F 

07 

4.969E  07 

2.227E 

03 

1.VT5E-02 

6.032E-01 

2-438E-01 

1.401E 

00 

Z.S47E  01  2.077F 

03 

5 • 064E 

02 

7.557E-02 

3.227E 

02 

1.252E 

02 

5.150E  02 

2.702E 

03 

_ l*801E-02_ 

9-611F-01 

2.464E-01 

_L-4.01E 

00 

2-81 8E_01 _ 2.077E 

03 

5-1S7E  0? 

7.346 E- 02 _ 1*£20E 

02 

1.292E  02  -S.263E  02_ 

2-illL03 

1.505E-O2 

1.008E  00 

2.467E-01 

I.401E 

00 

2.8IAE  01  2.078F 

03 

5.1A6F 

02 

7.325E-02 

3.631E 

02 

1.296E 

02 

5.271E  02 

2.231E 

03 

I.104F-07 

1.007E_O.Q_2..467E-01 

1.40  U_ 

QQ_ 

-2.814E-01 _ 2 . 078E  03 

_*.165E_ 

.02 _ Z-.32.7e=0  2 _ 3.80.9E_Q2_1-29GE 

02_ 

-.5.J21E_02_ 

_2. 230b 

03 _ 

9.570E-03 

1.007E  00 

2-467E-01 

1-  40  IE 

00 

2-814E  01  2-078E 

03 

1.166E 

02 

7.327E-02 

3.628E 

02 

I.296E 

02 

5. 27 IE  02 

2.232E 

03 

4.423E-03 

1 -QQ6F  QQ — 

2.467E-01 

1-401E 

00 

2.8L4E  01  2 -  078 E 

Q3._ 

5-I63E 

02_ 

7.331E-07 

3.4331- 

02 

1.296E 

02 

5 .  2  7 OF  02 

2.212E 

_03 

-S.430E-04 

1.005E  00 

2-467E-01 

1.40IE 

00 

2.814E  01  2.078E 

03 

S.1SBE 

02 

7.338E-02 

3.634E 

02 

1.294E 

02 

5.265E  02 

2.232E 

03 

_rW17E-03 

-1.004F  00 

_ 2 -467F— 01_  1-4Q1F 

.00 

2.815E-01 _ Z.J328E_03 

9 . 1 52E  02  7. 3A4E-02 

1.61 1 F  02 

1.293E. 

_02 _ 

_5.  259E_02 

2.232E.  03 _ 

-1.041E-02 

1.005E  00 

2.467E-0L 

1.401E 

00 

2.B14E  01  2.07BE 

03 

5. 155E 

02 

7.342E-02 

3.642E 

02 

1.294E 

02 

5.262E  02 

2.233b 

03 

-1.A91F-02 

_1.006E_00_LAAJ£=01 

1.  4  01E-0Q _ LB14E_01 _ Z.07.7.E—111 _ L.I6SE 

02_ 

— T»32j8E-02 _ 3.649E 

02 — L296E.02 — 5.*  273E..02_2»233E 

03 

-1.837E-02 

9.760E-01 

2.465E-0I 

I.40IE 

00 

2.817E  01  2.077E 

03 

5.130E 

02 

7.38ZE-02 

3.636E 

02 

1.2R6E 

02 

5-237E  07 

2.233E 

03 

-2.n70F-02 

6.01SF-QI 

2.437E-DI 

1-40IE 

.00 

2-847E  01  7-077E 

03  . 

4.B9SE 

02- 

7. 81  BE— 07 

1-747F 

07 

1-71  IF 

07 

1.9R7F  n? 

7.707F 

01 

— 2-219E— 02 

6.9T4E-02 

2.400E-01 

1.401E 

00 

2 -891E  01  2 •  077E 

03 

4.743E 

02 

8.193E-02 

3  •  55  IE 

02 

1-161E 

02 

4.848E  02 

7.2*26 

03 

-2.6Z0F-02 

3.538E-03 

-2-3.95E-01 

_t.AQiE_ao_ 

-2.89 7E_01_2 -077F  03 

4.716F.02 _ 8-  236E-02- 

3  -620C—C12 _ 1-153E 

02 _ 

_4.825E02_ 

-2-250E 

03 

-3.100E-02 

6.190E-O1 

2.3.96E-01 

1.401E 

00 

2-896E  01  2.076E 

03 

4.704E 

02 

8.274E-02 

3.644E 

02 

1- 15  IE 

02 

4.814E  02 

2-252E 

03 

-3.6A2F-02- 

_7.87»E-03 

2.396E-01 

1.401E 

00 

2-896E  01  .  2.076E 

03. 

4.700E 

02 

8- 279E-02 

3.644E 

02 

1.I30E 

02 

4.811E  02 _ 2jl261E. 

03 

X»FI»  RS  (FI  I  MJIM/SECI  HMJ(  fH/BOLE )  TTJIRI  PTJTPSFI  CPJIBTU/I  R»  GAMJ  RHOJ  ( VB/FT  91  UJIFT/SECI 

AJ40.4E-02  _3.03ZOE=02 — 3..4801E-QZ  .2.8148E..0I S.255.7E.02  2.22B9E  03  2.4667E-01 1 .4006 E  00_Lai07E-02 3.772AF  02 


- HJI8UUA1—  TSJIRI - TSOIRI  - UALBTU/.il - T.TOIRI _  PTOCPSFI _ CE0(8TU/I_RI _ GABO RlIQOI  iR/F  T  3  l_U3(.F_T./SECI. 

1.2919E  02  5.140SE  02  4.6917E  02  1.L491E  02  4.8091E  02  Z.2475E  03  Z.3951E-01  I.4010E  00  B.2392E-02  3.7535E  02 


R(FTI 

c 

CP(8TU/f  R) 

GAN 

HU 

PS(PSF) 

TSIRI 

RHOCfM/FT  3) 

LMFT/SEC) 

HIBTU/I) 

TTI  R 1 

PfIPSFI 

_  4.0-76E— 02 

l.nsoE-n? 

_2.396E-01 _ 1.401E 

00 

2.896L01. 

_ 2.061  E. 

.03 _ 4^685  E 

02 

.  8. 24.7Er02— 

-3.768E 

02 _ L148t. 

.02. 

_4..803E_ 

.02. 

2.249E  .03 

3.460E-O2 

1 . 067E-02 

2.396E-01 

1.401F 

00 

2.896E 

01 

2.061E 

03 

4.684E 

02 

8.250E-02 

3.772E 

02 

1.14BE 

02 

4. 802E 

02 

2-249E 

03 

_ 2.519E-02 

— 1  .*27Er02 — 2.3.96E-01  . 

_1  ,AQ1£_00 

2.896E 

_Ql_ 

_2  »  062E 

03. 

_L.3i34E. 

.02 

8-.232E-02_i.J-40E 

02 

U15i2f_02_ 

4.810E  02  2.246E 

03 

2.201E-02 

1.407E-01 

2.4O5E-0I 

1.401E 

00 

2.885E 

01 

2.062E 

03 

4.779E 

02 

8.057E-02 

3.665E 

02 

l. 173E 

02 

4.890E 

02 

2.235F 

03 

_  1.973E-02 

4.93BF-01 

2.430E-Q1 

i.40ir 

QQ, 

2.856F 

01 

7.042E 

01 

4.94  VF 

07 

7 . 680F-0? 

1.S56F 

0? 

L.778F 

07 

5.048F  07 

1.798E-02 

8.204E-01 

2.454E-01 

1.40IF 

00 

2.829E 

01 

2.063E 

03 

5.099E 

02 

7.408E-02 

3.68  I E 

"02 

1.274E 

02 

5.209E 

02 

2.223E 

01 

.  1.622E=U2 

9.603£-01 , 

-.2.464E-01 _ 1.4  01E 

00_ 

,2.81  8E 

Ol_ 

_2*063E.JLi__5#  140E 

02 

-7.319E-02 

-3.756E. 

-9Z. 

1.290E 

02  . 

-5..255E 

07 

2.228F 

03  . 

1.438E-02 

9.989E-01 

2.467E-0I 

1.401E 

00 

2.815E 

01 

2.063E 

03 

3. 148E 

02 

7. 300E-02 

3.767E 

02 

I.294E 

02 

5. 2615 

02 

2.228E 

03 

_ 1  - 138F-Q2 

_ L-002E  _00_ 

— 2..467E-01  _ 

.1^401  LOO 

2.815E..01. 

_2.043E 

03 

-5J.4SL02 

7.298Er02_ 

-3..770E 

02 

L294E 

02 

5.264E 

02 

.2-2285 

03 

6.474E-03 

1.002E  00 

2 . 467E-0 1 

1.401E 

00 

2.615E 

01 

2.063E 

03 

5. 146E 

02 

7.302E-02 

3.769E 

02 

I.293E 

02 

5.261E 

02 

7.22RF 

03 

2.98 IE-03 

i.amE  nn 

2.4A7F-01 

1.401E 

-QQ 

2.B15E 

01 

7. 04 IF 

01 

5. 140P 

07 

7_  1 1 1 F— 07 

3.74RE 

n? 

1.292E 

07 

5.255F 

0? 

2.229F 

0} 

-2.175E-03 

1.004E  00 

2.467E-01 

1.401E 

00 

2.815E 

ol 

2.063E 

03 

5. 131E 

02 

7.323E-02 

3.766C 

02 

1.790F 

02 

6.246E 

02 

2.229b 

03 

_-8.895E=a3_ 

_1.004E_00. 

_2._4S7Er.01_ 

-1*40  IE 

00. 

_2  «-814E 

Ol_ 

-2.063E  .03 _ 5..137E 

02_ 

_ 7-..314Er02 _ 

,  3-771  E, 

02  — 1.291E 

02 

.  5.252E 

02. 

_  2.229E 

03 

-1-399E-02 

1.004E  00 

2 -467E-0 1 

1.401E 

00 

2.814E 

01 

2.063E 

03 

5. 147E 

02 

7. 300E-02 

3.773E 

02 

1.294E 

02 

5.263E 

02 

2.229b 

03 

--L.616E-32  — 9*£09E=01_ 

-  2-465E-01 

_1*4lQX£_00 

2. 816E_0l.. 

_2 • 063E 

03 

5.13TF 

.02 

7.324Er02 _ 

.3.767E 

02 

t . 289E. 

02. 

5.248E 

02 

2.728F 

03 

-I.83et-02 

7-776E—01 

2.450E-0I 

1.401E 

00 

2-833E 

01 

2.062E 

03 

5.003E 

02 

7 . 558 E ”02 

3.647E 

07 

U248E 

02 

5. HIE 

07 

2.223E 

03 

-2.247F-0? 

_ 9.696F-Q7 

7-4n7F-QT 

J-401E, 

on 

01 

2 . 04  2  F 

Ol- 

4.719F 

07 

8. 11SF-07 

1.419F 

07 

_ L. 1 62  E 

02 

4.  miF 

0? 

7.716T  01 

-2.472E-02 

1.034E-02 

2.396E-01 

1.401E 

00 

2.896E 

01 

2.062E 

03 

4.715E 

02 

8. L98E-02 

3.713E 

02 

1.154E 

02 

4.829E 

02 

7.24JF 

03 

_  -2  •  8  86  tr!)2 —  5.459Er03 

_2  *396Et01 _ 

-1-.401E 

00.. 

-2-897E 

.01 _ 2  •  062E  . 

_Q3l_ 

— 4  .  7  04E 

02. 

_8.216Er02._ 

3. 727E 

02 

_ 1« 152E 

02 

4.820E 

02 

2.244E 

03 

-3.373E-02 

6.909E-03 

2.396E-01 

l .401 E 

00 

2.896E 

01 

2.061E 

03 

4.697E 

02 

8-227E-02 

3.735E 

02 

1. 150E 

02 

4.814E 

02 

2.245E 

03 

-4.n4nF-n7 

7.066E-03 

2. 396E-01 

1.40  IE 

00 

2.896E 

01_ 

_2.061E 

03_ 

-4.694E 

02 

8.233E-02. 

3.742E 

02 

1.150E 

02 

4  *810E 

02 

2.246E 

03 
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RIFTI 

C 

CPIBTU/i 
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MW 

PSIPSFI 

TSCRI 

RHOI 8M/FT  3) 
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HlSTU/f 1 

TTIRI 

PI  1  PSF  1 

4-552E-02 

1 .I30F-07 

_Z  J96E-01 

1*40  IE 

00 

2.896E 

01_ 

_2..05.7E_ 
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_<i.t80E_02 _ 8.238E-02_ 

,3.835E_02 _ 

.1  ..1A8E—02 _ 4.803E. 
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.2..Z51E_«L 

3.747E-02 

1.181E-02 

2.396E-01 

1.401F 

00 

2.896E 

01 

2.057E 

03 

4.682E 

02 

8 a  236F-02 

3.839E  02 

1.148E  02 

4.805E 

02 

2.252E 

03 

2  *988  ErOZ_ 

1 .3046-02 

2.39&F-01 

1.401F 

-00_ 

2.8S6E 

01 

2.057E 

03 

A.686E. 

.02. 

8  •  229.E-02 

_3_.fi  26E_0  2 _ L._149E_02_ 

4. BOSE  02 

2.251E 

03 

2.624E-02 

1.9496-02 

2-39AF-01 

1-4016 

00 

2.895E 

01 

2.057E 

03 

4.693E 

02 

8.216E-02 

3.815E  02 

1.15  IE  02 

4.814E 

02 

2.249E 

03 

2.3836-0? 

6.72AF-02 

2 .400F- 01 

1.401E 

00. 

2.891F 

Ql_ 

2.06 7E 

03 

4.  7  lfi£_ 

H2_ 

8. 160E-02 

3.779F  02 

1.158E  02_ 

_  4.837E 

02 

2.244E 

03 

2* 144E-02 

2.370E-01 

2-4  12E— 01 

1.401E 

00 

2.8776 

01 

? ■ 05  BE 

03 

4.818E 

02 

7.954E-02 

3.719E  02 

1.187E  02 

4.932E 

02 

2.2  34E 

03 

_1 .9Z9Er02 

5.41S6-01_ 

_Z*A34£z.Ql _ 

_1*401F. 

.00. 

2.852E 

01 

2.058E. 

.03. 

_4..973E_ 

.02 _ 7,638Er-02 _ 3.i0AE_02_l .  23AE_02. 

_ 5..09&E 
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-2.225E  p.3. 

1.709E-02 

8.415E-01 

2.455E-01 

1.401E 

00 

2.827E 

01 

2.058E 

03 

5. 088E 

02 

7.403E-02 

3.76  7E  0  2 

1.273E  02 

5. 204E 

02 

2.226E 

03 

_ L.A91E-02 .. 

9.648E-01 

2-464Er01._ 

_l.ii.01E. 

_00_ 

_2.818h_(ll_ 

_i.0i8£_03.. 

-5.130E. 

02 

_7*  316E-02 _ 

_3.806E_02__ 

1.2B9E  02  5.2A8E  02 

Zj.22.8E_ 
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1.206E-02 

1.00  LE  00 

2 ■ 467b- 0  L 

L.401E 

00 

2.8L5t 

01 

2.058F 

03 

5.  138  E 

02 

7.297E-02 

3. 82 1 E  02 

1.292E  02 

5.256E 

02 

2.228E 

03 

7-056E-03. 

1 .0026  00 

2.467F-01 

1.401E 

.QQ_  _2.81SE 

01 

2 . 058 E 

01 

5. 136F 

0? 

7.301 E— 02 

3. SITE  02 

.1*2.926  02 

5.2S4F 

02 

2.228E 

03 

2.969E-03 

1-003E  00 

2.467E-01 

1.40LE 

00 

2.814E 

01 

2.058E 

03 

5. 128E 

02 

7.312E-02 

3.814E  02 

1.290E  02 

5.246E 

02 

2.228E 

03 

^L.7J5E=03 

1.004E  00 

2 . 467E- 0 1 _ 

_1  -AJOIE. 
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.02 
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— 6-989E-03 

1.0036  00 

2.467E-01 

1 . 40  IF 

00 

2.814E 

01 

2.058E 

03 

5.125E 

02 

7.316E-02 

3.815E  02 

1.289E  02 

5.243E 

02 

2.228E 

03 
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_1*.4  01E. 
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2.814E 
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.02 _ 7.i31E^02 _ 3.823E.0Z _ 

.1  *291E_02. 
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02 
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-1.518E-02 

9.763E-01 

2.4656-01 

1.40LC 

00 

2. SITE 

01 

2-058E 

03 

7. 122E 

02 

7.324E-02 

3.811E  02 

1.287E  02 

5. 2406 

02 

2.228E 

03 

-1 -75AF-Q2 

a. 1 14F-01 

2.4536-01 

_L^AOl£_ 

on 

2*8306 

01 

2-0586 

Jia_ 

5-Q21E 

S1Z. 

■  7.3PTE-02 

3.721F  02 

1.25SE  0? 

5  -  JL33E_ 

-QZ 

2.ZZ4E 

J13_ 

-2.021E-02  4.094E-01  2.424E-01  1-401E  00  2.863E  01  2.058E  03  4.842E  02  7*875E-02  3.620E  02  1.197E  02  4.950E  02  2-222E  03 

-7.7SflF-n7  I  _ 3 1  1 F -n  1 _ 2*A0&E=.0l _ 1  -.4  01E—00.  2-886E  01  2  -  058  E  03 _ 4-748F  02 _ B. 0946-07  3.677.E02 _ l*_166E_02 _ .4..860E  .02  _2.233E_03_ 

-2.383E-02  5 . 310E-02  2-399E-01  1.401E  00  2-893E  01  2-05BE  03  4-727E  02  8.149E-02  3-711E  02  1.159E  02  4. 842E  02  2-237E  03 

_=2.701E-O2  1 .027E-02 _ 2-3.96E=.01 _ 1^Q1E-Q0 _ 2jB96F  01 _ 2-05.7E.03 — 4. 706E.  02_8*.19.4E=02 _ 3*_7.56E„Q2 _ 1  ^153E_-02_4..R24E_02 _ 2. 2.43E_03_ 

—  -  -3.042E-02  6.172E-03  2.396E-01  1-401E  00  2.896E  01  2.057E  03  4-699E  02  8.207E-02  3.760E  02  1.151E  02  4.817E  02  2-243E  03 

C  -3.412F-Q7  7.354E-Q3 _ 2-396F-Q1 _ U4Q1E  QQ  2.H96E_Qi _ 2.Q57E  03 _ 4-694F.  02 _ B.Z16E-Q2 _ 3-.7fl.5E  02 _ U15QE  Q2 _ 4.814E  Q2 _ 2-246E  03 

— '  -4-083E-02  7  *  5396-03  2*3966-01  1.401E  00  2.896E  01  2.057E  03  4-690E  02  B.225E-02  3.793E  02  1.149E  02  4.610E  02  2.247E  03 

-4.886E-02  8.030E-03  2. 3966-01  1-4J51E-00  —  2-896E  .01  2.057E  03  4.6B7E  02  6*229E=02  .  J. 7.95E .  02  1.149E  02  4.807E  02  2.247E03 
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- 2.0553E-01 3 -.727.6£=02 3,492ahr02 2.8154E  01  5.  26.76 E_0 2 2.229 i£_03 2._4662Er01 1  -_4006 E_00 7.278  IE-02  3-B6BOE  02 _ 


-HitBTU/Jl _ 

1 -2945E  02 


■XS.J  IK  I 
5.1465E  02 


TSOCRI _ 

4.7098E  02 


HQlBIU/  JU - TTOI  Rl  PrOCPSF.I _ CP_QLALU/#_JU _ GA"0. 

1.1544E  02  4.8J12F  02  2.2460E  03  2-3952E-01 


RHO.O.C  #H/.FJ_3  l_UO.I£I/.Sf.CJ_ 

1.4009E  00  8.1807E-02  3.8179E  02 


RIFTI  C 

-4-Z52E-02 _ 1.234E-02 

3.14RE-02  1 .7 12E-02 

~2-461E— 02  1.208E-01 

2.14BE-02  3.3STF— 01 

1.860F-02  6.004E-01 

_l  •600E-02_fiJL2.23fc-0|, 

1 -400E-02  8 -9  82t — 01 

_1.0_91C=Q2 _ 9.  749E-01. 

6 . 197E-03  9, 841E-01 

6«979E_-04  9.810E-Q1 

-4.131E-03  9 -913E-01 

-8. 120  E- 03 _ 9_.934E-0l._ 

-1.342E-02  9 -534E-01 

t 1 #602E-02  8.25flE=01_ 

-1.973E-02  4.630E-01 


CPIBTU/i  Rl 
2.396E=C 
2.396E-01 
_2 -3V9E-01 
2.4046-01 
2*419E-Q1 , 


GAH 


2.43BE-01 
..  2.454E-01 
2.459E-01 


HW 

2.896E  01 
1.401C  00  2.896E  01 

1-401E_Q0  2-B93E  01 

L-401E  00  2.887E  01 

1.4QU  QQ _ Zj.fl.69E  01. 


1.40LE  00  2.847E  01 

1  -.4.0 1 E  00  2 -83 PC  01 

1.401E  00  2.824E  01 

t^Olf.OO  2.B17E_0.l_ 
1.401E  00  2.817E  01 

li401E  PQ  2.917E  Q1  . 


PSCPSFI  7SIRI  RHOIfN/FT  31  UIFT/SECI 

2 -  05 5E_03 _ 4-7Q3E  02 _ 8 ..l 89 Er02 _ 3 -.73.4 E_02_ 

2.055E  03  4-709E  02  8.179E-02  3.791E  02 

-2.055E  03  4-.7 23E_02 _ B.JAlEr02 _ 3,..80lE_02_ 

2.055E  03  4-764E  02  8.061E-02  3.758E  02 

2-P56E  Q3  4.892E  Q2 _ L.603E-02  3-742E  02 


-2.700E-02  3.528F-02  2.398C-01 

_rJ.008E-.02 _ 1.4IQE-02  2  -  396CT01_ 

-3.557E-02  8  - 324E-03  2.396E-01 

-4*3596-11?  8-067F-03  2.3966-01 


1.401E  00  2.816E  01 

-U.4.01E.  00  2.816E  01_ 

1-40LE  00  2-819E  01 

1.4.0lC_Qfl _ 2jB29E_0  l_ 

1.401E  00  2.859E  01 

1.4Q1L  00.  2.886E  Q1 


2.056E  0)  5.0 14E  02 

2-056E  03  _5.085_E__Q2_ 
2.056E  03  5.126E  02 

.2jP58E  03 _ 5*.l.43t_02 

2 . 056 E  03  5. 138E  02 

_2,i>56E  0?  5.133E  PZ 


7-557E-02 
_J.-_4Q_4.E-02_ 
7- 330E-02 
_7.28.9E-02_ 
7.294E-02 
7.3QlEzP2_ 


3.776E  02 
_3-.810E_02_ 
3-836E  02 
.1,8.45.E_Q2_ 
3-843E  02 
■?r841E.P2 


1.4016  00  2.894E  01 

.1.4Q1E  Pfl _ 2.896E  01 

1.401E  00  2.896E  01 

1-4 Oil:  00 _ 2._tt96E_Dl_ 


2.0556  03  5.132E  02  7.300E-02  3.847E  02 

.2 . 056  E_Q3 _ 5 ..l.40E_02 .  _7 •  290 E- 02 _ 3..  8>4E_02_ 

2.0566  03  5.128E  02  7.315E-02  3.832E  02 

2.056E  OJ  _5..061E  .02 _ 7...43.9E-02 _ 3.78.9E«02. 

2-0566  03  4.890E  02  7.778E-02  3.734E  02 

■2»P55E  01 _ 4^7656—02  8.056E-02  3-740E  02 


HISTU/il  TTIRI  PTC  PSF  I 

.1  ..l5.3E_0J2__4i£21E_02_2 . 244E  03 
1.154E  02  4.828E  02  2-243E  03 

_t.  1 59E_02 — 4-  B43E  02  2- 244E_.03„ 

1.170E  02  4.881E  02  2.237E  03 

ItZPSE  02. ..  5.QQ8E  Q2 _ 2^iQE_03 

1.247E  02  5.130E  02  2-228E  03 

.1  •  2  72  E_02 _ 3  ^20_3E_  J?2  _  .2-2  2  8E  _03_ 

1.285E  02  5.245E  02  2.228E  03 

.Ls2.9.2£_02 _ 5_._2.63E_02._2.228E  03 

1 -292E  02  5.258E  02  2.228E  03 

1-290E  02  5-253E  02  2.228E  03 


2-0556  03  4.734E  02  8.132E-02  3-762E  02 

2-055C  .03 _ 4-.72UE—02 — 8 -.1566=02 _ 3.767E.  02. 

2.055E  03  4-714E  02  8.173E-02  3.805E  02 
.2*0556  03  4.7.09E.02 8-.163Er.02..  3*6196  02 


1.290E  02  5.252E  02  2.228E  03 

_1*292E  ..02 _ J5.-.259E  02 _ 2.228E  03 

1-288E  02  5*  24 7E  02  2.228E  03 

_1.266E_02_5*  1776  _02. _2t^26E  .03 
1.212E  02  5.005E  02  2.229E  03 

-1JJ.71E-P2 _ 4«Jfl  l.E— Q2 _ 2*  23.6.6.  .33- 

1.160E  02  4.852E  02  2.240E  03 

_1.  157E_02_  _4*.84.1E..02  _.2*241E  03 

1.155E  02  4.834E  02  2.245E  03 

1-154E  02  4.830E  02  2.247C  03 
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HJ  f  BTU/ #1  rS J  <R> 


TSO(R) 


HOIBTU/lf) 


TT0IR1 


PTOIPSF)  CPU! BTU/#  R)  GAMO 
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1 .29b*>E 

02  5.L496C 

02  4.7130E 

02  1 . 

1553E  02 

4.B353C  02 

2.. 

2471E  03 

2 

.39526-01  1 

.4009E  ! 

30 

8.17446- 

-02 

3.83126 

02 

RIFT) 

C 

CPIHTU/#  R 1 

GAM 

NW 

PSIPSFJ 

TSIRl 
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UIFT/SECI 

HI  STU/# 1 

TTIR1 

PTIPSF1 

4.372E-02 

L.L79C-02 

2.396E-01 

1.40LE 

00 

2.S96E 

OL 

2.054E 

03 

4.707E 

02 

B. 18  IE -02 

3.833  E 

02 

1.154E 

02 

4.830E 

02 

2.  2.4  7E 

03 

3 . 794E-02 

1 .319F-02 

2 .3966-01 

1.4  01b 

00 

7.846E 

01 

2-055E 

03 

4. 709 F 

3? 

B. 179E-02 

3.842E 

02 

1.155E 

02 

4.B32E 

02 

2. 24BE 

03 

3.081E-02 

3.040E-02 

2.397b-0l. 

1.40LE 

00 

7.894E 

01 

2.055b 

03 

4.717E 

02 

8 • 16  IE -02 

3.806E 

02 

1.15  7E.  02. 

4.837E 

02 

2.244E 

03 

2.770E-02 

6.579C-02 

2*4  OOF -0 1 

L.401E 

00 

2.091b 

OL 

2.055E 

03 

4.740E 

02 

8. L14E-02 

3.832E 

02 

1.164E 

02 

4. 862E 

02 

2.246E 

03 

_ 2.518E-Q2 

L.657C-01 

2  ■  407E-01 

l .4  OLE 

00 

2.883F 

01 

_ 2._055t 

03 

.4.77JE_ 

02. 

__$..035.E-02_ 

_3.792E_ 

CL2 _ l  ,1?*E  02 _ 4 .  892E  02 _ 2^2AJ3C_D3. 

2.172E-02 

3.829b-01 

2-422C-01 

1.4016 

00 

2.865E 

OL 

2. 055  C 

03 

4.869E 

02 

7. 827E-02 

3.790E 

02 

1.205E 

02 

4.9870 

02 

7.2356 

03 

1.819E-02 

5.946E -01  . 

.2.4376-01 

1.401F 

00 

2.B48E 

Ol 

2.055C 

03 

4.990E 

02 

7.592E-0 2 

3.796E 

02 

1.2416 

02 

5. 1086 

02 

2 .2306 

03 

1.482E-02 

8.287E-01 

2.454F-OL 

1.401E 

00 

2.829E 

01 

2.045E 

03 

4*0846 

02 

7.402E-O2 

3.835E 

02 

1.27  IE 

02 

5.204E 

02 

2.229C 

03 

1.275E-02 

_  8.986b -0 L 

2.459E-0L 

1.401E 

on 

2.823E 

Ol 

2.055E 

03 

5 . 1  HE 

02 

7. 348E-02 

3.839E 

02 

1.282E 

02 

5. 23  IE 

02 

2.2  29C 

03 

9.642E-03 

9.533E-01 

2.463F-01 

1.40LE 

00 

7.8I9E 

01 

7.065E 

03 

5.125E 

02 

7.318E-02 

3.847E 

02 

1.2B7E 

02 

5.244E 

02 

2.228b 

03 

_ 3.739E-03 

9.667E-01 

2.464b-0L 

1.401b 

00 

2.818b 

01 

2.055b 

03 

5.130b 

02 

7.307E-02 

3.845E 

02 

1.289E 

02 

5.250E 

02 

2.228E 

03 

-5.623E-04 

9.751E-01 

2.465C-01 

1.401 E 

00 

2.817b 

01 

2.055b 

03 

6.1296 

02 

7.  307E-02 

3.839E 

02 

L.7.89E 

02 

5.248E 

02 

2.227E 

03 

-5.067E-0) 
-8.489E-03 
-1.192E-02 
-1.516E-02 
-1.92QF-Q2 
-2.709F-02 
-2.5J6fc-02 
-2.846E-02 
=3.350E-02 
-4.055E-02 
-4.871E-02 
XI  FT  I 

_  3.3994E- 


9.867C-01 
9.822E-0L 
9.628Er01 
B.369E-01 
-01 

2.974F-01 
L  -  195  E -01  .2 
4.695C-02  2. 

1.442E-07 
7.973E-03 
9-  L10E=J 
RSIFT1 

01  4#  3997E-07 


2.465E-01 
2-4A5E-01 
2.464E-01 
2.455E-01 
2.434E-01 
2 • 4  166-01 


1.401E  00 
1.40lh  00 
1.401E  00 
1.401E  00 
1.401E  00 
1.4  01k  00 


2.816E  01 
2.8l7b  01 
2. 8186  01 
2.828r  01 


2.055E  03 
2.055E  03 
2.055E  03 
2 • 055E  03 


2.851E_01 _ hi J55E  03. 

2.872F  01  2.055E  03 


5-133E  02 
5.134E  02 
5.L24E  02 
5.068E  02 
4.932t_02_ 


7-298E-02.. 
7.297E-02 
7.3L5E-02. 
7  •  42  3fc— 0  2 


.404Et01  _  1.4  01E  . 00 
399C-01  1 .40 IE  00 


2.887E  01 
2.893k  0) 
2.096F  01 
2.896b  01 


2.055E 
2.055E 
7. 056E 
7  ■  Ob  5  F 


3961 — 01  1.401b  00 

3966-01  1 .40  LF  00 

_QO. 

UJ I f 9/ SEC  I  HWJlfM/HOlb)  TTJIR) 
1.493AC-02  2. 81516  01  5.2745E  02 


4.82BE  02  7.913E-02 

03  4.  766E  02  8.059E_02._ 

03  4.  738 E  02  B. J22E-02 

03  4.721E  02  8.158E-02. 

03  4.7I4E  02  8.172E-02 

03...  4.  niE_02  _  8.176E-QZ 
PTJ(PSF)  CPJIBTU/«  R1 
2.2299E  03  2.4665E-01  1, 


3.846E  02 
3.85LE  02 
3.847E  02. 
3.B24E  02 
J3ajL62E..Q2.. 


L.291E  02 
1.29 IE  02 
L.287E  02. 
L.269E  02 
1.225E-02- 


5.253E  02 
5.2  54E  02 
5.244E  02 
5. I87E  02 
5.Q48E  02 


2.778b  03. 
2.  22  HE  03 
2.228E  03 
2.229E  03 
2-229E  03 


3.757E  02  1.192E  02  4.945E  02  2.234E  03 

3.762E  02  _  1. 1 71E_02 _ 4..B83E__02 _ 2.  238E._03  _ 

3.773E  02  1.162E  02  4.8566  02  2.2406  03 

.3.808E.02 _ 1.15.7E_02 _ 4.842E.  02.  2.244E  03 

3.832E  02  1.156E  02  4.836E  02  2.247E  03 

3.aQ4£-0-2 _ U.155E  02  ..4, 832F  02.  Z.24A£_Qa.. 


GAHJ  RHOJUM/FT  31 
40068  00  7.2662E-02 


U  J I F  T/SEC  1 
3.8805E  02 


HJ(8TU/«) 
1.2964E  02 


TSJ  f R I .  -ISDIR) 
5.1526E  02  4.7155E 


H0I8TU/#1  . 
L.1558E  02 


.  TTOIRJ 
4.S372C  02 


PTU(PSF) 

2. 2453  E  03 


CP0I8FU/#  Rl.  GAMO.„  RHOO  UH/.RT  _31_  UOI  F.T/.SEC 1 
2  - 3957E— 01  1.4009E  00  8.L673E-02  3.8229E  02 


RIFT) 
4.813E-02 
4.LL0E-02 
3.475E-02- 
2.940E-0Z 
_2. 67 IE- 02 
2.365E-07 
2.009E-02. 
1.612E-02 
1.304F-02 
9.899C-03 
6«fiB8C-Q3 


9.7L4E-03 
1 • 790E-02 
2.064E-02 
8.041E-02 
1.482E 
2.7B0E-01 
4.712E-01 
6.689E-01 
B.221E-01 
8.924E-01 
9i467E-fll 


CPI BTU/ *  Rl 
2.396E-01 
2.396C-01 
_  2.3.9  7fc-0L_. 
2.401F-01 
-2.4Q6f--Ql 
2.415C-01 
_  2-.429E-01.. 
2.443E-01 
7.454E-01 
2.459001 
2.463L-Q1 


GAM 

1.401E  00 
1.401F  00 
.1.401E..00 
1.401b  00 
I.401F  QQ 
1.401C  00 
1.401k  00 
1.401E  00 
1.401C  00 


1.4016 

1.4Q1L 


MW 

2.896E  01 
2.895E  Ol 
2.895E  OL 
7.890b  OL 
-2.885*  Q1 
2.874C  Ol 
2.8586  01. 
2.842E  01 
2.829C  01 
2.824E  01 
Z.819E  Q1 


PMPSbl 
2.054E  03 
2.054E  03 
2.044E  03 
7.054F  03 

2 . 05  5(1  03 
2.055E  .03 
2.055C  03 
2.055E  03 
7.055E  03 
_2iQ55E.Q3 


rsiRi 

4.713k 

4.714E 

4.721E 

4.738E 

J»..7Z0E_ 

4.828E 

4-942E. 

5.019b 

5.075C 

5.113E 

5.111E 


RHOIftM/FT  31  Ul  FT/SEC  I  HI  BTU/# I  TTIR1  PTIPSF1 

02  8.  170Er02 _ 3.812E_02  -.1  ..l55E_  02__4..83_46_02 _ 2*244E_J33_ 

02  8 •  1660-02  3.852E  02  1.156E  02  4.837E  02  7.248E  03 

02  8. 154Et02  _3.b33E  02  1.15BE  02  .  _4.  843E_02_.  2. 246E.  03 

02  8. 112C-02  3.807E  02  1.163E  02  4.858E  02  2.243E  03 

H2 _ 8.042F-P2  3.791F  02  I.173F  02  4. 8906  02 _ 2.24QL  Q3 

02  7. 916E-02  3.794E  02  1.191E  02  4.94  7E  02  7. 2376  03 

02.  7 ■  692E-02  _  3.BL5E  -02 _ 1.226E_02 _ 5..061E  02.  2.234E.03 

02  7.530E-02  3.824E  02  1.251E  02  5. 139E  02  2.231E  03 

02  7 ._4l 6E.-02 _ 3.848 6  02. _1. 2716  02  _  5. 195E_02__ 2. 231E  03 

02  7.346E-02  3.S64E  02  1.283E  02  5.234E  02  2.231F  03 

J2Z 7.338E-QZ 02 ltZB4E  02  5t23ie  02 Z«2Z 9£_0?_ 


3.665E-03  9.5 14E-01  2.4630  01  1.4016  00  2.8196  01  2.055F  03  4.1I4E  02  7.331E-02  3.852E  02  1.285E  02  5.235E  02  2.229E  03 

.  4.074E-04.  9..476E-01  2.463E-01  1.401E  00  7.819b  Ol  2.055E  03  5.111E  02  .7. 3366-02 __3 .851E.02 _ 1.28_4E_02_5 •  232E  02  2.229E  03 

-3. 060E—Q3  9.469E-01  2-463E-01  L.40LE  00  7.819b  01  7.055F  03  5.L12E  02  7.334E-02  3.855E  02  1.2B4E  02  5.233E  02  2.229E  03 

-5.837E-03  9.441Er01  ..2..462E-01  1.401b  .00.  2.820b  . 01_2. 055E_0J_  5. 125E  .02  .  7.  31 7E-.02  ._3.860E_02  ._1.28IE_02 _ 5.  2466  0?  2.  229E  03 

-8.385E-03  9 .413E-01  2.462E-01  1.401C  00  2.820E  OL  2.055E  03  5.124E  02  7. 319E-02  3.862E  02  1.287E  02  5.245E  02  2.229E  03 

=  UQ91E-Q? _ 9.2.1  LE=fl.l _ 7.461E-QI _ 1.401b  00 _ 2.821E  01 _ 2.05SE  Q3  5.1Q5E  02  X^35ULE=fl2 _ 3.860£_02 _ 1.287E  02  5.226E_02 _ 2.23.0E  03 

-1.427E-02  8.177E-01  2.453E-0L  1.401E  00  2.830E  01  2-0556  03  b.0576  U2  7.442E-02  3.B49E  02  1.266E  02  5.  178E  02  2.231E  03 

-1.838E-07  5 .5326-01  2.434E-01  1.401E  00  2.851E  01  2.055E  03  4..952E  _02_7.  658E-02.  .3.820E.0 2_1 . 231E-02— 5. 072E_02««2. 23.4E..03_ 

-2. L60F-02  3.686E-0L  2.421E-01  1.401E  00  7.866E  Ol  2.055E  03  4.868E  02  7.832C-02  3.791E  02  1.204E  02  4.986E  02  2.235E  03 

=2.545E-02 _ 1 . 639E -0 1 _ 2 .40 7E.-r.0L _ 1  ..4 0 IE  .00 _ 2. 883C_01_2.055E_03 _ 4.7.80E  .02.  _8.O22E-02__.3.8L6E  02.  _1.17_7E  .02 _ 4.S01E_02 _ 2^242t_03_ 


-2.932E-02  6.778E-02  2-400E-0L  1.401E  00  2.891E  01  2.055E  03  4. 740E  02  8.L12E-02  3.836E  02  1.164E  02  4.B62E  02  7.2466  03 

-3.516F-Q2 — 7.Q57F-07 _ ?«19lf-Ql _ 1.4Q1E  QQ _ ?-fl<35£  0 1 _ Z^OSSE  03 _ 1^7.22 £  Q2 _ a.J.5.4E^02 — 3.8Z1E_Q2 — 1.158E  02 _ 4- _8_4_4E_02_2. 24 5E  03 

-4.298E-02  8.889E-03  2.396E-01  1.401E  00  2.896E  01  2.055E  03  4.716b  02  8.167E-02  3.798E  02  1.156E  02  4.836E  02  2.243E  03 

-5.03LE-0Z  B.30IE-03  2.396E-U1  1.40LE  00  2.896E  01  2.054E  03  4.7L1E  02_B.174Er02 _ 3 . 839E.  02—1  •  155E-02 _ 4.83.4E_02 _ 2.2.4ttfc_03_ 


AEDC-TR-71-238 


X (FT  I  RS (FT  1  WJ ( IM /SEC t  MWJdM/HOLEl  TTJ(R)  P7J(PSF)  CPJ ( 8TU/I  Rl  GAMJ  RKOJ(IH/FT  31  UJCFT/SEC) 

_ 3.6199^01  4.5I00Er02 3..494.Ih=02_2 . 81.49E  01  _5. 2781E_02_2..2.3Q1E_Q3 2.46S7Er.01  U4006E  00 7...2607J^02 L..8ft62£_02 _ 


_ HJt&Iif/ll _ TSJIRI  _  T SO ( R t _ H01B.TU/_tJ _ .TTOIRI  _P_70(PSF.I _ CP.Ot.&IU/f_R.l _ GAHU _ RH00(#H/FT  3I_U0.(.FJ./_SEClL. 

L.2974E  02  5.1559E  02  4.7180E  02  1.1564E  02  4.8400E  02  2.2437E  03  2.3952E-01  1.4009E  00  8.1637C-02  3.826IE  0? 


R(  FT  |  C  CP  (  8TLI/0  Rl  GAH  MM  PS(PSF)  TS(Rl  RHO(*H/FT  31  UCFT/SECI  HC8TU/JI  TT(KI  PTIPSF.l 

_>.690E-02_1.197E=02_2.356Ez01 _ I.A01E  00__  2*096E..Ol  _2..05_4E_03 _ 4,_7.Uh_D2 _ 8..162E-02  _3.808E_02 1j456E_02  _4-_838E_02 2-?44E_07 

4.370E-02  1 . 834E-02  2.396E-0I  1.401E  00  2.895E  01  2.054E  03  4.715b  02  8.165E-D2  3.802E  02  1.156E  02  4.835E  0/  2.243F  03 

_ 1.850 £=.02 _ 1...923E-0 2  2.397E-01 _ U_40Lt^LO„2..8.95E. 01  2.054E_03  4. 7.2ieZ0'2 _ 3.0l8E_O2  1-15.8EJD2 _ t._ft42E_02_.2.2_4  5E  .03. 

3 .0986-02  7.O12E-02  2.400E-01  1.401E  00  2.891E  01  2.054E  03  4.741E  02  8. 108E-0?  3.BOOE  02  1.164E  02  4.861E  02  2.242E  03 

2g4aE-02  1.132E-Q1  2«403fc-Ql _ UtOlE  00_2.8A2£_QJ _ 2.QS4E-Q3 _ 4.7.74E  Q2  8.042£zP2  3^2ME  02 _ UmC  02 _ itft33E  0?.  2.2;l9b  Q3 

2.351E-02  2.560E-01  2.4(36-01  1.401E  00  2.876E  01  2.054E  03  4.823E  02  7.926E-02  3-830E  02  1.190E  02  4.944E  02  2.240E  03 

_ 1#.985E— 02 _ 4.631Ez:0l _ 2._42BEr01  _  .1  «40lE_00._  2.858E.  01  2.055EJ03 _ 4.927E  02 _ 7...716E-02  _3.R20E  J02 1-222E_P.2 5.._0_46E_02 2.235E_03 

1 .5686-02  6. 953E-01  2.445E-01  1.401E  00  2.839E  01  2.055F  03  5.025E  02  7.5(4E-07  3.842E  02  1.254E  02  5. 146E  02  2.232E  03 

__1.260E^Q2 _ Ztftl8E=01 _ 2.450Er01  1.40lE_00_2..J3L4E ._dl 2.065E..03  5..080E  02 _ 7_._419E^Q2 _ 3.fl50E_02_..l -270F  02_  5. ?.0lE_Q2. _2..231E__03_ 

9.726E-03  9.054E-01  2.460E-01  1.401E  00  2.822E  01  2.055k  03  6. 103E  02  7.356E-02  3.853E  02  1.281E  02  5.224E  02  2.229E  07 

_ 5.423E-Q3  9.323^01  2.462E-01  1.401E  00  2.820E  01  2.055E  03 _ 5.11QL  Q2 _ 7-3tL£r 0 2  -J.B56E  Q2 _ 1.283E  02 _ 5.23QE  02 _ 2t279b  P3  . 

2.927E-03  9.195E-01  2.461E-01  1.401E  00  2.821E  01  2.055E  03  S.114E  02  7. 337E-02  3.850E  02  1.284E  02  5.234E  02  2.229E  03 

-9.R43E-04  9.Z43F— 01  2.461E-01  i.AOlE_DO 2^821E__01_2.055E_03  5.10BE  02 _ 7.. 3_45E=0.2__3. ftt8E_02__l. 282E  02_  5.229E_02 _ 2.22SE_03_ 

-4.060E-03  9.301E-01  2.462E-01  1.401E  00  2.R20E  01  2.055E  03  5.108b  02  7.342E-02  3.860E  02  1.283E  02  5.229E  02  2.230E  03 

_ =.7 - 0.94 E— 03 _ 9..4.72E.-Q1  .  2.463F-01 _ I.A01E  00_  2 . 819E-0 1.  _2.055£_03 _ itlL7E_02 _ 7.  327E-02  _3.869E_02 L.206E_O2  _5.230E.-O2  _2.230E_03 

-1.097E-02  9 - 2o IE— 01  2.461E-01  1.401E  00  2.821E  01  2.055E  03  5.102E  02  7.355E-02  3.867E  02  1.281b  02  5.223E  02  2.231E  03 

-1.4Q9F-Q? _ 7.6Q2F--01  — 2»449£--fll _ Lt401E  00 _ 2.834E-Q1 _ 7-Q55F  03  5.Q5QF  02 _ 7.464F-Q2 _ 7.A34F  02  L.2&2E  02 _ 5..17QE  02 _ 2.2  3QF  03 

- 1 . 825E-02  5.428E-01  2.434E-0L  1.401E  00  2.852E  01  2.0S5E  03  4.952b  02  7.639E-02  3.811E  02  1.231C  02  5.07LE  02  2. 233E  03 

-2.|64E-n?  3  .SOBF-ni  _  2.A20E-01  1.4.01E  00 _ 2.868E_01_2 . QAi£_03 _ 4..871E  02 _ 7.829Er02 _ 3.B02E-02 _ L.20_4E__02 _ 4.9.90E  02  _2. 2 36E .03 . 

-2 . 543E-02  1.628E-01  2.407E-01  1.401E  00  2.883E  01  2.055E  03  4.784E  02  8.0(5E-02  3.782E  02  1.177E  02  4.903E  02  2.238E  03 

__=2. 899E-02 _ 8. 381E=02_2. 4.016^01 _ L.401E_00_  2.890E  01  _2.055E_03 _ t*_75_9E_D2 _ 8. 0.76  Er  02  _3.R09E_02 _ 1..169C_02 _ ttft.7JE_.02 _ 2.242E_03 

-3.291E-02  3.659E-02  2.398E-01  1.401E  00  2.094E  Ol  2.065E  03  4.735C  02  8. 128E-02  3.833E  02  1.162b  02  4.857E  02  2.246E  03 

_-3.S93F-02  1-BB9F-07 _ 2.397F-01  1.401F  00  2.B94F  Q1 _ 2.054b  03  A*226E  02 _ 8.147E-02 _ 3.831EJJ2 _ 1.159F  Q2 _ 4.  8tfl£_02 _ 2t2.46E.Q3  _ 

-4.364E-02  9.367E-03  2.396E-01  1.40LE  00  2.896E  01  2.054E  03  4.718E  02  8. 162E-02  3.815E  02  1.157E  02  4.639E  02  2.24SE  03 

£  _  — 5.092E-02  8.851E-03  .  2.396E-01  1.401E  00  2.896E  01  2.054E  03  4.714E  02  0« 170E-02  3.838E  02  1.156E  02  4.837E  02  2.247E  03 

^  A (FT  I  RS (FT )  MjCiM/S£C>  KWJ( fM/XOLE )  TTJ(R|  P7J(P$F)  CPj(BTU/i  Rl  GAHJ  RHOj(IH/rT  31  UJ(FT/SFC> 

.  _4.Q4S9£i01 _ 4-J230ET02 _ 3.A.989£^02 _ 2.81.46E  01_5.2a03E_02_2.2309_E_03_2.A670EzOl  1  ..4  006E_00 _ 2.# 25 76Er 0 2 _ 3 -.09.62E  02 _ 


- HJ(8ru/_S) _ 

1.2980E  02 


-ISJ-UU— 


_T  SO  ( R  | 


5.1574E  02  4.7179F  02  1.1568E  02 


_PT0(PSF1_  CRO( 8T.il/_f  .  RL GARO _ PHOO(IM/FT  3 l_UO.(_F.T/_S£C.l _ 

4.8415E  02  2.24B0E  07  2.3953E-01  1-4009E  00  8.1626C-02  3.8513b  02 


RIFT1  C 

5.819E— 02  1.221 E— 02 

4.94  IE— 02  1.722E-02 

_t._45  IE-02 _ 1 .6  78£=fl2. 

3.775E-02  2.491E-02 


2.695F-02  1.514E-0I 

— 2. 293E— 02  3.7&9F-Q1 

1 .8  16 £-02  5.269E-01 

_1._4 11X^02 _ 6 . 002  E=0  L_ 

1.044E-02  7.921E— 01 

2.659E-03  9.056E-0l" 

_t.036E-04 _ 9-P40F-QI 

-3.144E-03  9.241E-01 

-6.3B5E=03_8.89JEr0l_ 
-9.890E-03  8.778E-01 

-1.377E-02.  7.S74F-Q1 
-1.806C-02  5.735E-01 

z2.  2656-Q2 _ 2. 854E-0 1_ 

-2.632C-02  I .575E-01 

-2.93_4E=02 _ I_«t4_4£=01 

-3.361E-02  4.472E-02 

-3.B4BF-Q2  1.400F-07 


CP(8TU/f  Rl  GAf  MW  PSIPSFI 

_ 2 . 396E-01 1  ■  4Q lb  00_ 2t8.96E_01 2 . 054E-03 

2.396E-01  (.401E  00  2.896E  01  2.054E  03 

2.3J6E-01_  l ..40 IE  00 _ 2.J0_96E_flJL_2.O5.4E.  03 

2.397E-01  1.401E  00  2-895E  01  2.054E  03 

;_0i  2^054E  07 

2.406F-01  ( •  401E  00  2.884E  01  2.054E  03 

.2.418Er01  . 1,4.01  E _ 00 _ 2. 870E—01  .2.054E  .03 

2.473E-01  1.401E  00  2.853E  01  2.055E  03 

.2  .444 £-01 _ 1.40 IE  00_2.840E_ftl__2.  055E.  03 

2.452E-01  1. 401E  00  2.B31E  01  2.055E  03 

2.45BE-0I _ 1.4Q1E  QQ _ Z.fl24E0l  2.Q5^F  Q3 


2.433E-01 

_2«4.L5Er.01_ 

2.406E-01 

_2.403E-0X_ 

2-398E-01 

,2a3.96F-Q1— 


401E  00  2.822E  01 

401LjD0 _ 7.B22E- 

401E  00  2.821E  01 

4.0 (E  00_2.R23E_0l 
401E  00  2.824E  01 

401E  HO _ Z.A34E.Q1 


TS ( R 1  RHO ( f M/ FT  31  UCFT/SECI  H(8TU/«I  TTI R I 

4.7.08E_02 _ 8^_L76E=02 _ 3.066E_O2 _ 1  ..155E_02.  -4.J33E. 

4.710E  02  8. 172E-02  3.823E  02  1.155b  02  4.832E 

4.715E  02__8.._l6.4E.=02 _ 3. 82 IE. 02  1.156E  02_  4-836E 

4.726E  02  8.(44E-02  3.807E  02  1.159E  02  4.B46E 

3.B34E  02  1.175b  02  4. 894E 

.3.0 31 E.  02  _l .  19.9E_02  4.971E 

3.846E  02  1.234b  02  5.087E 

_3.853E  02.  1.257E  02_5.159E 

3.R67E  02  1.271E  02  5.202E 

3.B53E  02 _ 1.276E  02  5,2Q7E. 


4.773E  02  8.036E-02 

4.850E_02._7,.86BE=02 
4.965b  02  7.642E-02 

5.O30E  02 _ 7.4.99E-0Z- 

5.081E  02  7.412E-02 

S.QBfifc  Q2  7.364E-Q2 


”4. 359b— 02  1.298E-02 

=5t05.9E- 02 _ 9 .111  E=0  3_ 

-5.031E-O2  8.539E-03 


•401E  00  2.852E  Ol 

•4.0 IE  00 _ 2.877F  01 

. 4 OlE  00  2.884E  Ol 

^.401E_00_2.887E_01 _ 

•  40 IE  00  2.093E  01 

«4Q1E  .QQ  2.R96E  Ql. 
■401E  00  2.896E  Ol 

•40 IE  00 _ 2..896£_Q1__ 

• 401E  00  2.096E  01 


2.055E  03  5.112E  02  7.342E-02  3.861E  02  1.203E  02  5.233E 

.055 E_03  5.102F.02 _ Z.356E-02 _ 3.853E_02  1.280C  02  5.223E 

2.055E  03  5.102E  02  7.353E-02  3.862E  02  1.2&1E  02  5.723E 

2-Q55£_03 _ 5  •  0.99 E  02_  7.  365E=02._3 . 066E.  02 _ 1 .279E..02.- 5. 220E 

2.055E  03  5.069E  02  7.410E-02  3.858E  02  1.271E  02  5.190E 

055E  03  5.C36F  Q2  7.4B4F-Q2 _ 1.862EJ12  U759E  Q2  ?■  158E 

2.055E  03  4. 941 E  02  T.A77E-02  3.842E  02  1.228F  02  6.062E 

2^055E_03  4.834F  02 _ 7..903E=02 _ 3.ft25E_0  2 _ 1.194E  02_  4.955E 

2.055E  03  4.782b  02  8.020E-02  3.810E  02  1.177E  02  4.902E 

?. Q55 E _03 _ 4.J52E.  02 _ 8*081Er02  _3..f  21E.02 _ L.  168E_D2... .4.  87.3E. 

2.055E  03  4.731E  02  8.137E-02  3.042E  02  1.16LE  02  4. 854E 

7.0S5E  03  4.720F  02  8.  I58F-Q7  3.8A6E_  02  1.158E  02  4. 845E 

2.055E  03  4.716E  02  8. L65E-02  3.855E  07  1. 


PTCPSF1 

.0? _ 2.  250E_03 

02  2.245E  03 

-Q2 _ 2.245E  03 

02  2.247E  07 

02  _2.247£J)1_ 
02  2.244E  03 

02  2.239E.07 

02  2.236E  03 

02  .  2.2  33E  03 
0?  2.232E  03 

02  — 2t230E  .03. 
02  2.230E  03 

02 _ 2.  229£._03 

02  2.230E  03 

02  .2.231E  03 
02  2.2  31£  03 

02  2.233E  03 


.2  .  054E_03  4..7.1.4E  _02._ 

2.054E  03  "4.71 IE  02 


A..17J0E-02 

8.173E-02 


-3.B.4Q£_J02 _ l. 

3.838E  02  1. 


157E  02 
156b  02_ 
L55E  02 


02  2.236E  03 

02  _2.2_t0E.03. 
02  2. 241 E  03 

.02 _ 2.244E..03 

02  2.247E  03 

-02 _ 2.25QE  ...P3. 


4.840E 

4.837E. 

4.834E 


02  2.249E  03 

02_2-.2_4.8E_03 
02  2.247E  03 


|  AEDC-TR-71-236 


X  €  FT  1  RS (FT  I  WJ  ( iH/SECI  MM  JIM  /MOLE  I  TTJIRI  PTJIPSFI  CPJ(BTU7»  R|  CAMJ  RHQJ  ( iM/FT  31  UJ(FT/Stll 

_4.3494t=01  A-«747F-n? _ 3.5035E^i)2 _ 2.JL46E..0L5. 281.46  02  _2.23206_01_2.4.6-T-0ErOl  1..4006E-00 _ U2567X-02..  .3. 90R7F  02 


M.IIRTII/»I  mm _  TS0.18J _  H0(BTU/*l _ T.TQI8.1 _ EUUiSFI _ CP01  BTU/.P  _RI _ GAH0 

1.29R3E  02  5.1578E  02  4.7140E  02  1.15&5E  02  4. 8400E  02  2.25I9E  Oi  2.3952E-01 


RHD0CKM7F7  31  U')(  F.T/SCC » .  _ _ 

1.4009E  00  8.1687E-02  3.R883F  07 


RIFTI  C  CP( 8TU/ B  R I  GAM  MM  PSIPSFI 

5.753E-02 _ l-fl37F-07  7.39AE-0I _ L..401EJ0—  2.896E  01  _2.033E_03_ 

S.084E-02  1.5RIE-02  2.39AE-01  1.A01E  00  2.896E  01  2.044E  03 

4.8441-0?  l.qnqF-o? _ 2.3.9.76=01  1.-401E  00_2-B35F  01 _ 2^05.9E_03 

3.754E-02  3.216E-02  2.397E-01  1.401E  00  2.B94F  01  2.053E  03 

3-17  ME— O?  1-Wf-U2  ?. 4026-01  1.4QIF  00  2.889E  01 _ MBAE  03 


A. 715E  02  8.163E-02 

4.J.15E  02 _ 8.. 

4.723E  02  B.L45E-07 

4.757E  02  .8 

2.B06E-02  1.567E-01  2.406E-01  1.401F  00  2.884E  01  2.054E  03  4.780E  02  8.022E-0? 

? .461 F— 07  7.442F-01 _ 2— Al3Er.01  1-401E  00  7.R74F  nl _ 2-Q5iEJ3_  .4.020E  02 _ 7.923E=02_ 

2.114E-02  3.916E-01  2.423E-01  1.401E  00  2.B64E  01  2.055E  03  4.89BE  02  7.776E-02 

_1.699t-02_  5  JA4E-01  _2..437E-0] _ 1—401  LOO _ 2.848E  01  _2.055E_03 _ 

1-3 10E-02  7.490E-01  2.449E-01  1.401E  00  2.835E  01  2.055E  03  5.028E  02 

»-A47F-n3  R.1A4E-01 _ LtffcM _ L-A01E  00..  2.B2.9E  01 _ 2.055E  03 _ 5-Qflil  Oi 


TS(RI  RH0(  BM/FT  31  UIFT/SEC1  H1RTU/BI 

.U2L02 _ B.168E-02  3.H77E  07  1 . 1S4E  02_ 

3.B7&E  02  1.1S7E  02 

_02  1-.157F  02 

3.850E  02  1.1591  02 


3.865E  0?  1-177C  02 

-3.849E  02  .1-1916  02 
3.842E  02  1.213E  02 

_3.865E-02 _ 1.238E  .02 

3.859E  02  1.2S7E  02 

3.8T6E  02  1.273E  02 


6.104E-03  8.609E-01  2.447E-01  1-401E  00  2.B2&E  01  2.055E  03  5.092C  02  7.3B2E-02  3.R62E  02  1.276E  02 

—1.892E-03 _ B.61BE-01  _2.457E=.0l _ l-4fll£_00 _ 2.826E  01  _2.055E-03 _ S.007F  02 _ 7— 380E=02_3.B57E _02_l.276fc- 02 

-1-596F-03  9.053E-01  2.460E-01  1.4011  00  2.822E  01  2.055E  03  5.085E  02  7.3RIE-02  3.859E  02  1.276E  02 

—  4  -44KF— 03  R-B17F-01  7.4SBF-01  1-.401E  00 _ 3.R74E  01  2.054E  03 _ 5-.087E  02_  7.  382E-02 _ 3.B68L02 _ 1.276E  02. 

-1.256E-02  7.589E— 01  2.449E-01  1.401E  00  2.834E  01  2.055E  03  5.026E  02  7.499E-02  3.R62E  02  1.257C  02 

—  1  - 477F— 07  A-347F-01  2.447F-Q1  .  1-4016. QQ _ 2.B42F  01  2.0S4F  03 _ 4-9B4E  02 _ 7.SB4F-02 _ 1.868E_0A 

-2.032E-02  4.081E-01  2.424E-01  1.401C  00  2.863E  01  2.055E  03  4.893E  02  7.781E-02  3.857E  02  1.213E  02 

-2.3591=02-.  2.793E=01 _ 2.414F-01 _ 1-.401E  00_  2.873E-01 _ 2.055F  03 _ 4-BI&E-02-  7.9J6E=02  ..3-812E.  02. _ 1-1B9E..02. 

-2.774E-02  1.519E-01  2.406E-01  1-401E  00  2.884E  01  2.055E  03  4.767E  02  8.046E-02  3.B59E  02  1.174F  02 

=3.084C-02__A-215E=02_2.401E=01  1..40lC_00_2-fl9QLQl _ 2.055E-03  4.J-44E  02_8.102E=D2 _ 3-8906.0  2  1.166E  02 

-3.405E-02  4.704E-02  2.399E-01  1.401E  00  2.893E  01  2.Q45E  03  4. 732E  02  8.130E-02  3.908E  02  1.163E  02 

-3 -R22F-Q7  7-SB4F.Q? - 2.197F-01 _ 1.4011  QQ  2.B95E01  _Z.fll5LD3 _ 4.7I9F  02 _ H-1SRF-02 _ 1.886E-02 _ 1.1S8F  Q2  ■ 


4.520E-02  1.156E-02  2.396E-01  1.401E  00 

-3-321E~02 _ .9  -Q87E=Q3_.2— 196£tOI  - ..1-.401E  00  . 

-4.0336-02  9.142E-03  2-396E-01  1.4011  00 
■  X(F1 1  RS (Ff I 

.  _5.155-2E=fi3 _ 5.2  7  79E-02 


2.896E  01  2.054E  03  4.714E  02  8.1&9E-0Z 

7.894F  01  7.034F  03  4.707F  02.  8.1BLE-02 

2.B96E  01  2.054F  03  4. 707E  02  R.  179E-0Z 

PJIBTU/T  R) ' 


TI1R1 

4.  B37E.02... 
4. R40E  02 
.4.840E..Q2.. 
4.S4&E  02 
4.879E_ 
4.904E  02 

4.  950E..02 _ 

5 . 020E  02 
5.093E  02 
5.149E  02 

5.204E  02 _ 

5.213E  02 
5.213E  02 
5. 206E  02 
5.2096  02 
5.14TE  02 
S-107F  02 
5.014E  07 
4.93BE  02  . 
4.B90E  02 
4. 869E.Q2 — 
4. B59E  02 
4.B4.4E  02— 


MJ ( f M/SEC  I  MMJ ( BM/M01 E I  TTJIRI  PTJ(PSF) 

3. 5  08  IE- 02 _ Z-81.46E_Ol__3-2aiBL02_2.2  325E.03 


GAMJ 

Z..4670ErOi  ..1.4OO6LO0 


3.893E  02  1.15TE  02  4.B40E  07 

3.B94E  02  1.15SE  02  4.B33E  02 

3.897E  02  1.155E  02  4. B34E  02 

RlibjKM/FT  31  llJlFT/SCCi 
7..255BE-02..  3.9199E  02 


PTCPSFl 
2.230E  03 
2.750E  03 
2.240E  03 
2.Z47E  03 

2.246E  03 
2.243E.03 
2.23BE  03 
2.2371  03 
2-234E  03 
■2.Z33L  63 _ 

2.231E  03 
2.2  30E  03 
2.230E  03 
2.231E  03 
2.2  34E  03 
•  236E_D3_  _ 
2.240E  03 
2.2.43E  03.. 
Z.24  7E  03 
2.250E  03 
2.7441  03 

2.252E_fl3 _ 

Z.253E  03 
2.253E  03  _ 

2.253E  03 


H  URTII/m  7SJ.1R) _ ZSOUJ _ HniBTU/81  _  f  rot RI  .P.T.01RSF.1 _ CP0LaiH2J»_iO__GAMD  _.RH0O(  IM/FT  .31  011  F-7/SfX.L.. 

L.2984E  02  5.1574E  02  4.7108E  02  1.1559E  02  4.8376E  02  2.2526E  03  2.3952E-01  I.40Q9E  00  8.1716E-02  3.9008E  07 


RIFTI 

C 

CP ( 8TU/ f  RI 

GAN 

MW 

PSCPSFI 

TSCKI 

RHCHtM/FT  3) 

Uf  FT/ SEC  1 

H(  8TU/8 1 

TTIRI 

PTCPsn 

S-qq»F-n? 

_L>287E-02 

-2 • 396E- 0  L  — 

.1 .40  LF.  QO _ 2^.896 E_Ol_ 

_2.0*>3E_03 

4.. 7.07  E 

02. 

8-_L73E-fl? 

3.165E..0Z 

1.L55E 

02_ 

4.831E. 

.02. 

_.  2.2.48E 

03 _ 

5.278E-02 

1.314E-07 

2.396F-01 

1.401F 

00 

2.896E  01 

2.053E  03 

4.707C 

02 

8# 174E-02 

3.863F  02 

L.155E 

02 

4.832E 

02 

2.249t 

03 

_ HMZi-z.  02- 

2  . 387E-02 _ 2.397E-Q1 _ L.AOlt. 

.00. 

_  2.895E  01 

_2.05  3E_O3. 

_ .4..7L 5E_02  .  fl.  160 E -02 _ 

3.850E_02 

L.I57E 

02 _ 

_4.  R38E — 02 _ 2. 2.4.7E 

03 

3.&94F-02 

6.013E-O2 

2.400F-01 

1 .4  OLE 

00 

2.09LE  OL 

2.053E  03 

4.730F 

02 

8. L22E-02 

3.872E  02 

1. 1&2F 

02 

4-B55E 

02 

2.248E 

03 

7.9H7F-0? 

1.448E-01 

_,2-4Q4E-QL  _ 

1.401F 

QQ 

m 

7-043E  03 

4.777E 

02  8.026E=D2__ 

3-062E  02 

1.1 76C 

02 

4.90LE 

02 

2. 245E  03 

2  •  218E-02 

3.6A7E-01 

2.42IE-01 

1.4  OLE 

00 

2.R66E  OL 

2.054F  03 

4.851b 

02 

7.  855E-02 

3.849E  02 

L.20LE 

02 

4.973E 

02 

2.240F 

03 

1.552£=02_ 

_5..276E-01 

,2 . 433E=0 1 _ 1..4j01£_0Q 

_ 2.lB53E_0L_ 

,_2  •  05  4E_03 

4.5611 

02. 

_ 7..  6.45E-02 _ 

-ij.AA2E.02 

L.233F 

02_ 

5.083E 

_02 

-2.2.36E- 

Oi 

1.  166E-02 

6 • 30 IE -01 

2.441E-01 

L.401E 

00 

2.844E  OL 

2.054E  03 

5-020F 

02 

7.5J2E-02 

3.843E  02 

1 • 25  LF 

02 

4 .  14  IF 

02 

2.232E 

03 

.  .  7.67.4E-03_ 

,T  *  163E-Q1 

_2.tiA.7E- 01. 

1.40  IE 

aO_2.B38E_Ol_ 

_2-.05.4LQ3 _ 4.046E  02 

—7...4.77E-02 

3.846E..02 

L.260E. 

.  02 _ 5.167E  02  2 . 2 .U E _ 

.03 

3.063E-03 

7.644E-0I 

2.450C-01 

L.40LF 

00 

2.034E  01 

2.054E  03 

5.057C 

02 

7.450E-02 

3.838E  02 

1.264E 

02 

5. L77E 

02 

2-230E 

03 

-4.S01F-04 

7-984E-01 

2. 452E-QL  _ 

1.4011- 

QO 

2.83LE  OL 

2.054E  03 

5. 047F 

02. 

7.4S7E-02 _ 

3.840E  02 

1.263E 

02 

5. 167E 

02 

Z.230E 

03 

-4.015E-03 

7.517E-01 

2.449E-0I 

1 .4  OLE 

00 

2.835E  OL 

2.054E  03 

5.046C 

02 

7 . 469E-0  2 

3.849E  02 

L.261E 

02 

5. 1676 

07 

2.73LE 

03 

_  -7..4.97E-0  3_ 

7.415EiO] _ 2.  4  4  BE— 01 _ 

.L..4  0LF 

00. 

_  2.835E_  OL 

2.05.4E_03_ 

_ 5. 040E  02 

__I.^8.0E-02  _ 

.3.847E_02 

l.259fc 

02_ 

-5  -161EL 

-QZ- 

_ 2. 2  3LE 

03 

-1-184F-02 

6-757E-01 

2 ■ 443F-0 l 

L.40LE 

00 

2 -84 LE  01 

2.054E  03 

4.991E 

02 

7.S63E-07 

3.05LE  02 

1.245F 

02 

5. LL2E 

02 

2.234E 

03 

^1^4B4F-Q2 

5.7B3E-Q1 

„2..436F-01 

l •  4.0LE _ QO  7.S49E  Ql  2 .0 5.4 E_03 . 

_ 4  ..95  IE 

02. 

_  7 •  65  L  Er.02 

3.85J.E  .02. 

—1.2321 

>02 

5.072E. 

02 

.2-7  36E 

03.  _ 

-2-204E-02 

3.089E-01 

2.41  76-01 

1.401E 

00 

2.B7LE  OL 

2.054C  03 

4.845E 

02 

7 ■ A80E-02 

3.866E  02 

I.L98F 

02 

4 ■ 968 E 

02 

2.243E 

03 

-2.&30E-02 _ 1  .gnip— Q1 

P.4n9F-0l 

l. 4  nl E 

nn 

2.8  8.L£_01 

2^QB4F  03 

4.7B7E 

_Q2_ 

8-O07F-07 

3.R83E  02 

L.L90E 

02 

4.912E 

02 

?_748r 

03 

-3.063E-02 

I.203E-0L 

2.404E-01 

L.40LE 

00 

2.887E  OL 

2.0546  03 

4.759E 

02 

8.O64E-02 

3.882E  02 

L.L7LI- 

02 

4.885E 

02 

2. 2491: 

03 

-3^6S7£-Q2 

4.7S2E-n? 

_ 2  »3  98E-01 

L..40LE 

00. 

_ 2.  B93E_QJ _ 2  -Q44L03 _ 4..7Z5E. 

-02 _  8.141E-0? 

.3.07.4E_O2 

_1,160A_02... 

Jt .  850E 

02 

-2.Z50E- 

.03 

-4.428F-02 

2.0^7E-O2 

2-397E-01 

1.40LF 

00 

2.895E  01 

2.054C  03 

4.7L4E 

02 

8.L66E-0? 

3.876F  02 

L.L57E 

02 

4  •  8  3  9E 

0? 

2.25LE 

03 

_ —5 .1 55E-02 — 

1 .  O03E.-O2 

-2.396Et.01__ 

l.*niF  no  7.R94P  01 _ 2. 0S4E.03 

4..709E 

02. 

_0.  1  75E-02.  _ 

-3.&AiE_02_ 

_ L • L56C 

02_ 

4.835E 

02 

2.251E.. 

.03 _ 

-5 • 986E-02 

9.429E-03 

2-396E-01 

1.40LE 

00 

2.896E  01 

2.04 4E  03 

4.706K 

02 

8.L77E-02 

3.890E  02 

I.L55F 

02 

4.832E 

02 

2.251E 

03 

AEDC*TR*7 1*238 


X(FT  I  RS  CFT  1  WJ  ( fM/SEC  1  MWJUM/HOLE)  TTJlRl  PTJCP$F1  CPJlBTU/f  Rl  GAMJ  RHfljCiM/FT  31  UJCFT/SECI 

_5. 8.4326*01  5.6216E-02 _ .3.  5006Et02  _2.81.42E.  OL _ S.7B77F  02  ?.?31SF_03  7.447*6-01 _ L.A00.6E_00.  7. 25216-02 _ 3.9143E^_02 

HJ(BI.II/»1 _ TSJJRI _ _TSOCRI _ HO  LBTJLllf  1 _  TTOtRI  P.TOCRSFJ _ C20C8T  U/.#_RI _ CAMP  RHOO  (  iHVFT_3 1  UOIFJ/.SEC.L 

L.2087E  02  5-1583E  02  4.7090E  02  1.1552E  02  4.8346E  02  2.2490fc  03  2.3952^-01  1.40096  00  8.L712E-02  3.8829E  07 


Pirn 

_5. 8.9.46 -02 _ i 

5.2L2F-02  1 

_4.471F-02  _4 
3  ■  701E-02  7 


T  CPC8TU/ 

6206-02 _ 2.3  96E 

.8476-02  2.396E 

.*.1066-0  2 _ 2 .3-906; 

.1496-02  2.400E 


2  - 204E-02  3.221E-01  2.410E-O1 

-1.489E-02  5.0656-01  ? . 4316-01 

1.072E-07  5.  933E-01  2.438E-0L 


#  R I  GAM  MW 

-0L_1._401E_00_2.896E  01 
-01  1.4016  00  2.095E  01 

;r 01 _ 1.4  01E  00__2.B_9.4t_ 01. 

-01  1.401E  00  2.8911-  01 

01 

L.401E  00  2.07OE  OL 


PSlPSn  TS(R)  RHO(«H/FT  31  UCFT/SECI  KCBTU/KI  T  H  R  1  PTCPSFI 

2 « 052C,  03  4.710F  02 _ 0..165E=O2 _ 3.BiA£_D2._l  - 15*6  02  4.A33,E_fl2__2. 2.46E_03_ 

2.052E  03  4.70HE  02  0.17LE-O2  3.883E  02  1.155E  02  4.833E  02  2.250E  03 

2 . 09 2 E  03  _4 ._7.l 02 _ 8...15 OE -0 2 _ 3 - 84BE_0.2 _ L.JJlfiCJ) 2_  4.8406  07  2.2  46E  03 

2.0536  03  4. 728 E  02  8 . 124E-02  3.878E  07  1.162E  02  4-8S3E  02  2.249E  03 

2.Q5JE--  Q3 _ 4.77.7E  Q2 _ 8^191-02  3»g89£  .02  ...  1.J77E  02  4.9036  02  2.247E  03 

7.063E  03  4.845E  02  7.B7LE-02  3-865E  02  1.198E  02  4.969b  02  2.242E  03 


_7..594F-Q3 

2.867E-03 


.6.A70E-01  2.442E-01 _ 1..401E.  00 

6.77 1F-01  2.444E-01  1.401E  00 


1..40lE_00 _ 2.8546.  01 _  2.054E  03  __4..92J1E_J)2 _ 7,.69.9Er02 _ 3.8.4.76^0.2- 

1 .40 IE  00  2.847E  01  7.0S4E  03  4.9836  02  7.595E-02  3.852E  02 

.4.996E  02  .7...56.4E-02 _ 3.051E.  02 

5.016E  02  7.527E-02  3.849E  02 


2.847E  01  7.0S4C  03 
2.043F  01  7.0b46  03 
2.840F  01  2.054E  03 


_1 .2Z_4C_02  5.  049t  _Q2 _ 2j2_3.6E._03.. 

1.2416  02  5.105E  02  2.234E  03 

l .  246 E_0  2 _ 5-«_Ll_7JL_02 _ 2.  i  33E  ..03_ 

1.252E  07  4.137b  02  Z.232E  03 


-4.191F-03 

6. 

829E-01 

2.444E-01 

1-401E  00 

2.840E 

01 

2.054F 

04 

5.034E 

02 

7- 499E-02 

3.872E 

02 

1.256E  0? 

5.157E  02 

2. 2346 

03 

-7.t,19h-Q-l _ 6. 

7A0E-O1 

2.44_4t-01_.  . 

1..4  01E  00 

2.84  IE 

oi_ 

2-05_4fc. 

_03 

-4.989E 

02 

.7.J5.6.8E-02 _ 3.8.72E. 

02 

1 . 245E  .02 _ 5_._1.L1E _ 02 _ 

2.235E 

03 

“1-185E-07 

5. 

B28E-0 1 

2.437E-01 

1 .40 IE  00 

2-848E 

01 

2.054E 

03 

4.960E 

02 

7.633E-02 

3.856E 

02 

1.235F  02 

3. 0816  02 

2.235E 

03 

_=1.896E-07 

-3. 

75f6-Ql_2J_422E-01__ 

.1..4  01E  00_ 

..2.86  5E 

_0l 

.  2.054E 

03 

_4  ..8.7.0  fc_il  2 _ 7.  •  0  0.7.E  -  0  2_ 

_3 . 84 1  E_Q2 _ L  .  2  08 1_02 

5.000E  _02 _ 

.2l23  8  E_03_. 

-2.591E-0Z 

2. 

380E-01 

2.4  l2fc-01 

1.401E  00 

2.877E 

01 

2. 0546 

03 

4-796E 

02 

7.973E-02 

3.845E 

02 

1.183E  02 

4.9196  02 

2.243E 

03 

—3. IB9F-02 

l. 

1 246_— Q  1  _ 

2  .fcQ^E-01 

1.4Q1F  OQ 

.  2-887E  01 

2. 05 46 

03 

4.  749F 

_02. 

a.0§2F-02 

3.865E- 

.02 

1*140F  02 

4.  8736  02 

7.7  47F 

.03 _ 

—4 .0446-02 

3. 

262E-02 

2.39BE-01 

1 ■ 40 IE  00 

2.8946 

01 

2.053E 

03 

4.717E 

02 

8-  155E-02 

3.866E 

02 

1.1586  07 

4#  84 lfc  02 

2.249E 

03 

_z4.A  39E-02.. 

_2. 

4226— Q2-_ 

_2..  3.9.7E  r  0 1 _ 

i.4  0lE_0Q _ 2.-895.6 

.01 

2.0536 

03  _ 

.4.7156  0? _ 8.  159 E=D2_ 

_3 . 846E-Q2 _ L.  1 5.7E_02 

4.  839E_02 _ 2.2476 

03 

-5.2196-02 

i. 

443E-02 

2.396E-01 

1 -40  IE  00 

2.096E 

01 

2.0536 

03 

4.  706E 

02 

8. 175E-02 

3.884E 

02 

1.155E  02 

4.H32E  02 

2.250E 

03 

-5.996E-02 

1. 

022E-02 

2.3966-01 

1.4016  00 

2.896E 

01 

2.052k 

03 

4.707E 

02 

8. 171E-02 

3.863E 

02 

1.1 55E  0.2 

4.B31E  02 

2.247E 

03 

x  C  Ft  ) 

RSCFTI 

HJ 1 #9 / S6C 1  NWJI  #N /HOLE  1 

r  rj(*i 

PTJCPSFI 

CRjisru/*  ri 

GAMJ 

RHOJCSM/FT  31 

UJIFI/StCI 

6.5L59t- 

01  . 

5.9579E 

-02  3-48«.t.02  2.  8  1  3  76  01  .. 

5.28346  02 

2.230JE_dJ. 

_ 2 

.4678E-01 .  1 

..4.006  E.  00 

7-2462E-0? _ 3._9ll 3E  02 

— 

-  — 

HJ  LBT.U/.f  1 

TS J (R) 

ISDCRI 

_  HOC  BT.U7# I 

1T0CR1  _ PIflC  PS  El. 

CPQl  8T_U/Jf  Rl__ 

GAMO 

RhOOI»Mj»FT  .31 

U3I  FJYS.ECJ 

1 .29926 

02 

5.1597E 

02  4.70T5E 

02  1.1548E  02 

4.83316  02 

2.2487E  03 

2 

■  395  2E-0 1  1 

»  4009  E  00 

0.1695E-O2 

3.8829E  02 

Rim 

C 

CPC  BTU7  9  Rl 

GAM 

MW 

PSCPS61 

TSCP1 

RHO ( 8M/FT  31 

U1FT/SECI 

H(OIJ/#l 

TTCRI 

PTCPSFI 

.  5.0B9L.^02_ 

„2. 

004E-02 

2.3976-01  _ 

.1  ._40lE_00_ 

_2.895E 

01 

2.05.1  E_^3__ 

_4.U0E 

.02 

8..161Er02_. 

3..909E. 

02_ 

.  1.-1566  02 

4.837E  Q2_ 

.2.  251E...03 _ 

5. 119F-02 

2. 

324E-02 

7 .3976-01 

1.401E  00 

2.095E 

01 

2.051E 

03 

4. 720E 

02 

8. 144E-02 

3.852E 

02 

1.15HE  02 

4.844E  02 

2.245E 

03 

_ 4.343E-07. 

-i. 

003 E -02. 

.  2.399E-01._ 

1.401E  _00_. 

— 2. 893t — 0  L 

.2.0526 

03.  _ 

■_4.J2.7E 

_02. 

_ 8 -J.27E-02.. 

.3..8.4  8E 

07 

1. 161E _ 02 — 

_4..85l6  02 

2.^.45E 

.03  _ 

3.648E-02 

9. 

804E-02 

2.402E-01 

1.401E  00 

2.889E 

01 

2.052E 

03 

4.742k 

02 

8. 090E-02 

3.836E 

02 

1.166E  02 

4.863b  02 

2.243E 

03 

.2-H7<»E-02 

_ La 

Jl82E”0H__ 

2.3QTE-Q1 

J..401E  00 

2.aa3r 

.  01 

2.052E 

_Q1_ 

4.7696 

02. 

B.031E-02 

-3-B33E 

-02. 

1.1746  02 

4.891E  02 

2.241E 

.03 

2.158E-02  3 • 350E-0  1 

_ 1.3766-02  _Jl.JL9.4E-0  1 

9.021E-O3  6.6436-01 

6.36  3E=fl.J_  6.058F 
1.9746-03  6.786E 


2.419E-01  1.401E  00  2.869E  01 

2. 4306=01 _ 1.4016  .00  _  2.B56C..01 

2.4366-01  1.4016  00  2.R49E  01 

0.1  _  2 . 4  39E-0 1 _ 1 .4.0 1 6_00_  .2 . 846E  _01_ 

01  2.444E-01  1.401E  00  2.840E  01 


2.05  16  03  4.858E  02  7.846E-02 

2.05  36  03 _ 4-_944E..02 _ 7 .6786-02. 

2.0531-  03  4.933b  02  7.674E-02 

_2._D53.E_04_  4.957E.  02 _ 7..628E-02_ 

2*053 F  03  4.9086  02  7.566E-02 


3.036E  02 

3.. .865E  02. 

3.B65E  02 

3.. 863E_02 _ 1.235b  07 

3.860E  02  1.243E  02 


1-701E  02  4.979E  0?  2. 2386  03 

1.22Zfc_Q2_.5.066b  02 _ 2..237E  .03 

1.228F  07  6.056E  02  2.236E  03 

1*_O0QE_O2_  2.23  5E  03 

5.109F  02  2.2336  03 


-5.341E-03 

6.2S4E-01 

2.440E-01 

1.401E 

00 

2.844b 

01 

2.053E 

03 

4.97BE 

02 

7. 593E-02 

3.8476 

02 

1.24LE 

02 

5 . 0996 

02 

2.233E 

03 

._-8..9iJ2t=03_ 

5.8296-01 _ 

.2*437E.-01_ 

.  1.4  01E. 

.  00 

2.8486 

_01_ 

.2^0i3t. 

-03 

4.948E_ 

.02. 

_7  •  6.49  E-0  2. 

_  .3.85.46. 

.02. 

..1.232E 

02 

5.  07.06 

.02.. 

.2.235E 

.03 

-1.507fc-02 

4. 838E-0 1 

2.430E-01 

1 .40  IE 

00 

2.856E 

01 

2.0536 

03 

4.906E 

02 

7 .7376-02 

3. 8506 

02 

L.2L8F 

02 

5. 0276 

02 

2.237E 

03 

_il.969C-02_U21E-01 

2. 420tr0l 

.1.4.01E 

00_ 

_2.  86  7E 

.01 

2.053E. 

.03. 

_ 4«  8.45E 

02 

-7...864E-02. 

__3. B56E 

02. 

1.199.6 

.02 

,_4.9676 

02  _ 

2- 240E.  03 

-2.339E-02 

2.749E-01 

2.415E-01 

1.401E 

00 

2.874E 

01 

2.0536 

03 

4. 824  E 

02 

7 • 916E-02 

3.8776 

02 

1.1926 

07 

4.9486 

02 

2.  2446 

03 

— 3.QS7F.Q? 

1  .SAOF-Ol 

7-4066-01 

1  -4Q1E- 

on 

2.8846 

01 

2.053t 

..03 

4.7616 

07 

8.047F-Q7 

3.R39F 

07 

—L.1726 

02_ 

4. 4H3C 

_02_ 

7.243E 

03 

-3. 790E-02 

7.3836-02 

2.400E-01 

1 .40 IE 

00 

2.8916 

01 

2.052E 

03 

4.733E 

0? 

B. 113E-02 

3.8556 

07 

1.163E 

02 

4. 85  76 

02 

2. 2466 

03 

_=.4.3i4£=02_ 

,3.000E-02_ 

_2..397Er01_ 

_1.401E. 

_00_ 

..2.894E 

01... 

2  «.052t_03_ 

__4.715E 

02. 

.8.  153E-02 

..  3. 8596  _02_ 

_l . 1576 

0? 

4..839E 

.  02_ 

_2. 24.76 

03 

-5.2J4E-02 

2.078E-02 

2.397E-01 

1.4  0  IE 

00 

2. 8956 

01 

2.057E 

03 

4. 71 IE 

02 

8. 162E-02 

3. 8546 

02 

1.156E 

02 

4. 834E 

02 

2. 2466 

03 

-5.957E-02 

1.3226-02 

2.396E-01 . 

1.401E 

.00. 

2.896fc_OI 

2.051 E 

03 

4.7.10E, 

02 

8. 1636^02 

3. 8516 

0? 

1...155_E 

.02. 

_ 4. 8346 

02 

2.  2456 

03 

Xlf-TI  RS  (FT  I  MJ I BN/SEC  I  MWJI  BR/WHE  I  TTJIR)  PTJIPSFI  CPJIBTU/B  R)  GAMJ  RH0JIIH/F7  31  UJIFT/SEC1 

_ 7.15A5E-01  6.2772Et02  3.*908Et02__2.8136£  01  5.28A5E  02  2.2306E  03  2.4679Et01  _1.4006E._00 _ 7..24  3BE-02 _ 3.._9192E_02_ 


_ HJ.LGJLUXJJ TSJ  1 R I _ ISQIRI—  HdlBTU/il- _ UQLR1 _ ei_0.teSE.i_  ..  CP.Ot  B7  U/ 1.  R  I  _._GAK0 _ RHUUtJH/.F-l_3.1_U3(JF-l./SbCI_ 

1.2995E  07  5.1603E  02  4.7065E  02  1.1547E  02  4.8377E  07  2.7A87E  03  2.3952E-01  1.4009E  00  8.1676E-02  3.8914E  02 


RIFT1  C  CPIBTU/*  Rl  GAM  Mu  PStPSFI  TSIRI  RH0I3M/FT  31  UIFT/SECi  HIRTU/Al  TTlRI  PIlPSFi 

..6.040E-02  1.890E-02  -2.397E=01_l._401E.-00._2.895E_01 — 2.Q5PE  03 A..721E  _02~_B.  139E=02_1.86AE._Q2 1.15HF  07 A.  aA5E_02 2.245E-.03. 

5.I03E-07  3.723E-02  2.398E-01  I.A01E  00  2.89AE  01  2.051E  03  4.72BC  02  8.124E-02  3.874E  02  1.161C  02  4.853E  02  2.246E  03 

_ 3.  4991-07 LJ87fr0-I_2._A0AE-01__l._901E  _0Q_  2.8B7E.0l_2.052E_03 4  .7  5  8  E_02  _8 . 05 7Er  O  2  _3  ..8 6  3  E  _0  2 1  -.1 70 C_P 2 A._8B1E_02_2.244E_O3_ 

2.945C-02  1 .85  IE -01  2.409E-01  I.AOIE  00  2.881E  01  2.052E  03  4.793E  02  7.983E-02  3.853E  02  1.1R1F  02  4.916F  02  2.742E  03 

_ 2.n92r-0?  3.048E-01-  7.617F-0I _ 1.401F  00 _ 7.W71E  01 _ 7.Q57E  03 _ i^a66E_Q 2 _ 7.B37E-Q2 _ 3.B64E  02 _ 1.703F  0? _ 4.9B9F  07 _ 7. RAPE  03 

1.461F-02  4.300E-01  2.426E-01  I.AOIE  00  2.B61E  U1  7.057E  03  4.907E  02  7.751E-02  3-S69E  02  1.216E  02  5.025E  02  2.23BE  03 

_9.1X2E^03 _ A.892L=01  -2.431E-0l_  -I.AOIE  .00  -  2.856E__Q1 _ Z.05ZE  03  A.930E  02  7.694F-07  3.BT1F  07  1.7796  07  4.043E  02 _ 2.237E_03 

A.A95C-0J  5.282E-01  2.A33E-01  I.AOIE  00  2.852E  01  2.053E  03  A.937E  02  7.675E-02  3.853E  02  1.227E  02  5.059E  02  2.235E  03 

-1.2791 — OA  3.636F-01  2.436Et01 _ l._401E_00_  2.8A9E  01  2.053E  03  A.933E  02 __7. 673E^02 _ 3.8A0E.07  1.228E  02  5.05AE  02  2.Z34E-03- 

-A.68AE-03  4.396E-01  2.A34E-01  I.AOIE  00  2.851E  01  2.052E  03  A.9A3E  02  7.662E-02  3.B&5E  02  1.230E  02  5.066E  02  2.236E  03 

_-9.268b-03_5.215E.-01 — 7.A33F-Q1 _ UA01E.-OQ _ 2.B53E  01 _ 2.052  E  03 _ A.975E  07 _ 7.69AE-P2 _ 3.B66E  02 _ 1.225E  D2 _ S. 04 86-02 _ 2.236E  03 

-1.529E-02  A.036E— 01  2.A2AE-01  I.AOIE  00  2.B63E  01  2.052E  03  A.888E  02  7.780E-02  3.B62E  02  1.211b  02  5.010F  02  7.23BE  03 

-2.253E-02  2.718F-01  2.415E-01 _ l._A01E_00_  2.87A6  01  2.047E  03  A.820C  02  __7._920E-02 _ 3.866E-02 _ 1.191E-02 _ 4..9,44Ej02_2.  2.42E_03  _ 

-3-  763E-02  7  •  79  21 — 02  2.A01E-01  I.AOIE  00  2.890F  01  7  .  097E  03  A.73RE  02  B.  102E-02  3.883E  02  1.165C  02  A  ■  B63E  02  2.2A8E  03 


ErOl — I.AOIE  —00_ 

-5.3A0E-02  1 .99 IE— 02  2.397E-01  I.AOIE  00  2.895E  01  2.051F  03 

_=5^mt=02  1  ■  A 3 1 E  — 0 2  2.396E-01 _ 1...A01E.-00 _ 2.89&E.0J _ 2.050F  03 

-6.759E-02  1.1&&E-02  2.396E-01  I.AOIE  00  2.896E  01  2.050E  03 

E=02_  -2.396E-01 _ l.A 


:  .02  __B.  137E-02 _ 3.B64E-02 _ 1.159E.-02 _ _A..8.A6F_02 _ 2.2_A6E_03_ 

A.717E  02  8.1A8E-02  3.869E  02  1.157E  02  A.RA1E  02  2.2A7E  03 

4.716F  02 _ 8._l_A_9Ej=!12 _ 3.B83E-02 _ I.1S7F-02 _ A.MJE  02 _ 7.7A8F  03, 

A.72AE  02  B.  13AE-02  3.868F  02  1.159E  07  A.8ASE  07  2.7.A5E  03 

..855E-.02 _ 2 . 2 3 7E  _03_ 


X  (f-T  I  RStFTI  HJ  ( #M/$  EC 1  HWJ(  #M/HOLE)  TTJIftl  PIJ(PSF)  CPJI81U/*  R)  GAM  J  RHOJtfM/FT  3)  'JJIFT/SECI 

l -05  ARE  “02 _ 3-8738E-02  ..3. 16  7AEr.02_.Z. 812  AC-01  _  5. 3203E-02 _ 2.  ZJJli£_Q3  ...  2 -4&92E-01  1.4035E  30.  ,7.2501E-02._3..J252E  .02 


.  HJ(8TU/f  I _ TSJ1RJ _ rSOCRI  H0I8TU/8) _ I.TQ.I.RI _ P.IOIPSFI...  CPntsrU/.»_RI_  ..GAMO.  _  RHOO  t  f H/F  f  3)  U3t  FT/SEC  I 


L.3O09E 

02  S.2309E 

02  4.6771b  02  L.1589E  02  < 

V.850LE  02 

2 • 3545 E  03 

2. 

395 3b -01  1 

.4009E  00 

8. 1 146E-02 

4.5562E  02 

RIFT) 

c 

CP(8TU/f  R 1 

GAM 

MW 

PSIPSFI 

1  SIR  1 

RH0I4M/FT  31 

U 1  FT/ SEC  1 

HI8TU/BI 

TTIRI 

PTIPSFI 

4.657E-02 

_l.980E-02_ 

_2.397Er0l 

i.40lE_00_ 

_2.8«E_01_2.0.72£ 

03 

4. 6.76 E.  02_ 

8.304E-02 

4.576C 

02 

1.160E 

02  . 

.4.851E 

02 

2.355E 

03 

3.965E-02 

1.847E-02 

2.397E-01 

1.401E  00 

2.895C 

01 

2.074E 

01 

4.6  796 

02 

8. 306E-32 

4.566E 

32 

1.160E 

32 

4.B53E 

02 

2.355E 

03 

3. 122E-02 . 

. ..  2  ..9  f  6  E=Q2_  2L,  19  7E  -  0 1 

1.401E  00_ 

_2.894E_ 

Jll _ 

_2.J).76E. 

.03 

4.679E 

_02_ 

R.3I2F-02 

4.531E 

02 

1.160E 

02 

4.850E 

02 

2.351F 

03 

2*94  3E-02 

2.558E-02 

7.3976-01 

L.401E  00 

2.895E 

01 

2.078E 

03 

4. 697  E 

02 

B.297E-02 

4.479E 

02 

1.162E 

02 

4.859E 

02 

2.348E 

03 

_ 2.«116E-Q2_ 

B.930F-02 

7.407F-01 

1.40LE  00 

_  2.B89E 

01 

2. OBOE 

03 

4.769E 

02 

8.  156E-02 

4.326F 

0? 

1. 180E 

02 

4.925E  02_ 

.2.327C 

03 

1.909E-02 

6  .  682E-01 

2.445E-01 

1.401E  00 

2.840E 

01 

2 ■ 082 F 

03 

5.L75E 

02 

7.395F-02 

3.413E 

02 

1.284E 

02 

5.270C 

02 

2.219b 

03 

1.721E-02, 

_ 9*9Q9L=D1 _ 2..A69E-01 

1.4OOE..O0.  . 

._2«813E_Dl _ 

2 . 083  E 

03 

5 . 25  6E _ 02_ 

_7jl217E-P2__ 

.  3.331b 

07 

1.315E 

02 

5.345E 

02 

2-210E. 

03 

1.482E-02 

9.986E-01 

2.469E-01 

1.400E  00 

2.813b 

01 

2.083E 

03 

5.258E 

02 

7.213E-02 

3.325E 

02 

1.316E 

02 

5.348E 

02 

2.210E 

03 

.7.L61E-03. 

_9.306E-0l„ 

-U.69E-01 

-1.400E__Q0_ 

_2*B|3E. 

J>1 _ 

.2...08.AE_0J_ 

_5..25.8E_ 

.02  _ 

7.716E-02 

3-33.U 

Q2_ 

1.315E 

02 

5.347E 

02 

2.211b 

03 

9.538E-05 

9.905E-01 

2 . 469E-01 

1.400E  00 

2.813E 

01 

2.083E 

03 

5.241E 

02 

7.238E-02 

3.334E 

02 

1 • 31  IE 

02 

5 • 33  IE 

02 

2. 2Ub 

03 

-5.94BE-Q3 

9.825E-Q1  _ 

2.468F-01 

1.400E  00 

2.814F 

01 

2.083F 

03 

5.230E 

02 

7.754E-02 

3 ■ 347E 

02 

1.308F 

02 

4. 12  IE 

_P2_ 

2.212E 

Oi_ 

-1*1  7SI — 02 

9.934E-01 

2.469E-01 

1.400E  00 

2.813E 

01 

2.082E 

03 

5.Z40E 

02 

7  ■  23  5E-02 

3.364E 

07 

1.3UE 

02 

5.332E 

02 

2.  2 1 2E 

03 

=l.693E-0Z 

_9 . 863E -01_ 

_U.6£E-j0l_ 

_l«400E  _00_ 

_2 . 81AF  01  2.081E 

.03 _ 

_5.255E_ 

.02 

7.2UE-02  _ 

_3.395E._02. 

_1.315E 

02 

5.34RE 

02 

2.213b 

03_ 

-1.905E-02 

6 . 980E-01 

2 . 446  E -01 

1.401E  00 

2.837E 

01 

2.079E 

03 

5.007E 

02 

I . A2A  F “02 

3.343E 

02 

1.243E 

02 

5.099E 

02 

2.2156 

03 

-2.11.7X-02. 

5. .60  86-02 

2  -  399EzO  l _ 1.401E  00  2 . 8.92E 

01 

2.078E 

03 

4.73  7E 

_Q?_ 

_  8_-.2UE.-02 

4.363E 

02 

1.172E 

02 

4.B96E . 

02 

2.331E 

03 

-2.33AE-02 

1 -214b— 02 

2.396E-01 

1.401E  00 

2.896E 

Ol 

2 • 078 E 

03 

4.7L2E 

02 

8.266E-02 

4.466b 

07 

1.166E 

02 

4.878E 

02 

2.346b 

03 

-?■ 890E-02 

1  -749E-02 

2.397E-01 

-U0I6_a&. 

2.895E 

01 

2.077E 

_P_3_ 

4.69^_ 

0? 

8. 300E-02 

4.5316 

07 

l.  1626 

S12  . 

4.862E 

02 

2.3546 

03 

-J.3ZAE-02 

2.296E-02 

2.397E-01 

1.401E  00 

2.895E 

01 

2.077E 

03 

4.685E 

02 

8.30TE-02 

4.547E 

02 

1.16  IE 

02 

4.85  76 

02 

2.356E 

03 

-3.990E-02 

1  - 303E-02 

2.394E-01 

1.401E  00 

2.896E 

Ol 

2.076E 

03 

4.  681 E 

02 

8. 312E-02 

4.552E 

02 

1.160E 

02 

4.854E 

02 

2.356E 

03 

-A.fOTF-02 

2*  573E-02 

2.397E-01 

1.401E  00 

2.895E 

01 

2.074E 

03 

4.679E 

02 

8. 306E-02 

A.S58E  02 

t  •  16  OE 

02 

4.852F 

02 

2.355C 

03 

•  XIFTJ 

TRIfTl 

- UTI  n/S'Eeriwji  #m 

/MOLE  1 

—rum- 

PTJ1P9FI 

cpjisru/r  iff 

GOT 

_raui»M/FT  j) 

JJIFT/SECI 

* 

_  T.&199E-02—A.333AE; 

=.02 3  #.16.2QE=Q2_Z  •  8 120E  01  ! 

>.3226E_0Z__ 

.2-2.0.7.TE_0a. 

.  _2i 

A8.98E=0l _ 1  -A005fc  00 

7  » l819ErOZ 

J.608?X_0Z. 

_ HJ  (BTU/fl _ LSJtRJ 

TSOI R ) 

HO  1.0  tllMLI 

_ T_T.OI.RI _ 

,PTOIPSF»  _ 

cpniaru/i  ri  _ 

GAMO _ 

_ RHDO 1 8M/FT  31 

U3C  FT/SEC  1  . 

1.3097E 

02  5.2174E 

02  4.667  IE  02  1.1602E  02  < 

A555E  02 

2.3578E  03 

2. 

3953E-01  1 

.  4009E  00 

8.2491E- 

-02 

A.  1 SSAE  02 

RIFTI 

C 

CPI8TU/I  R) 

GAM 

MW 

PSIPSFI 

rsiRi 

RHOI #M/FT  3) 

U( FT/SEC  1 

HIBTU/f  1 

TTIRI 

PTIPSbl 

_ 4.39.46=02. 

_2. 2816-02 

2 . 397E-0 1 _ 1.401E  0 0. 

_2.B9bt. 

_01__ 

_2.-05_3.E_ 

03 

4..675E. 

_02_ 

_8J3.0£.-02 

_4.7l.4E 

02 

1.162E 

02 

4.860k. 

_02__ 

03_ 

3.695E-02 

1.798E-02 

2.397E-01 

1.401E  00 

2.895E 

Ol 

2.053E 

03 

4.676E 

02 

8. 229F-D2 

4.674E 

02 

1. 16  IE 

02 

4.858E 

0? 

2.346E 

03 

_ 2.  71HE-0  2 _ 2  *.2  6St=Q2_2  ..3.9  7E=Q 1 

1.A0.1E.0.Q _ 2.895C 

Q1 

.2.054E. 

03 

4.678E. 

_02_ 

_«-.227EzP_2_ 

658  b. 

.52  _ 

1  •  162E_ 

02. 

4.  859E_ 

02 

2.345E 

03 

2.371E-02 

3 • 5  28E-02 

2.3  98E-01 

1.401E  00 

2.894F 

Ol 

2. 0556 

03 

4.693E 

02 

8. 200L-02 

V.640b 

0? 

1.165E 

02 

4-B73E 

02 

2 .3426 

03 

_ ?.nft4F-0? 

1  .731F- 01 

2. 408F-01 

1.4  Ol F  00 

_,2.BB2C 

01  _ 

2.056E 

03 

4.7B6E 

Q2 

8.012C-D2 

4. 4896 

02 

1 ■ 1 90  E 

02 

4.953E 

02  _ 

2.318E 

03 

1. 7746-02 

5.991E-01 

2.440E-01 

1.4016  00 

2.845C 

01 

2.057F 

03 

5.0586 

02 

7.491F-02 

3.937E 

02 

1. 26  IE 

02 

5. 185E 

02 

2.243F 

03 

_ 1.5&7E-02, 

_9..004E-0l 

2  •  462E-0.1_ 

_U.PQ.E_00  . 

.  2-B20E. 

oi_ 

2-.05AX.  03 

5. 2036 

02_ 

7.  22 1  fc-02_ 

_3_._6%7E. 

JD2 

.1  -.3.03E.. 

02 

5. 31  IE . 

J?2 _ 

2.212E 

_5_3_ 

1.254E-02 

1-O02E  00 

2.470E-01 

1.400E  00 

2.812E 

01 

2.059E 

03 

4,  ?46E 

02 

7.  147F-02 

3. 605  E 

02 

1.317E 

02 

5. 35  IE 

02 

2.207b 

03 

7.662E-03 

9. B60E-01_ 

2.469E-01 

.1.400E  .00_ 

2.813b 

01 

2.059E  03 

_5_-.24.2E_ 

.02 

7. 151E -02  _ 

_3_.602.E_ 

_02_ 

oz 

5.347E 

02 

2. 2076 

03  . 

8.852E-04 

9.965E-01 

2 • 469E-01 

1.400E  00 

2.812E 

Ol 

2.059E 

03 

5.223E 

02 

7. 175E-02 

3.6daE 

02 

1. 31  IE 

02 

5.328E 

02 

2. 2076 

03 

-5.3&4E-D3 

9. 8 99 E -01 

2.469E-0L 

1.400E  00 

Z.8136  .01  _ 

2.0SBE 

01 

5.219E 

_02_ 

7.  181F-02 

3.617E 

02 

UJOE 

02 

5.324E 

02 

2.708b 

03 

—1. 168E-02 

9.888F-01 

2.469E-01 

1.400E  00 

2.B13E 

01 

2.058E 

03 

5.230E 

02 

7.  164E-02 

3 .63 1C 

02 

1.313E 

02 

4.33  7E 

02 

2-2096 

03 

— I.311E— 02  9.A16E— 01 

2 ■ \65E-01 

1.401E  00 

_2  J17£. 

01 

_2._05.7E_0  3 _ 

_5.-200E.  02 

7.212E-02.. 

.  3.647F 

07 

1 . 304E 

.  0.2 _ 5 .30 8E  02  2 . 2 1  OF 

03 

-1.778E-02 

5  -  87 IE -01 

2 -439E-01 

1.401E  00 

2.846E 

01 

2.056E 

03 

4.980E 

02 

7. 606 E— 02 

3. 893  E 

02 

1.241E 

02 

5. 104E 

02 

2. 2416 

03 

_r2.058h-02_ 

_ L  .940E-01 

.2  .AlOEz.01 _ UA01E_0  0_ 

_2 • 8B0C 

01 

Z-.05S.E_OL  _ 

4.782E 

02  _ 

8.011E-02 

4.457E 

02 

1.1 8  9£_ 

.02__ 

4.947E 

_52._ 

_2.-_313F_Q.A_ 

-2-411E-02 

1.012E-02 

2  .3 96E-01 

1.401E  00 

2.B96E 

01 

2.055E 

03 

4.694E 

02 

8.206E-02 

4.694E 

07 

1. 166E 

02 

4.877E 

02 

2.349E 

03 

-2. 834E-Q2 

1.  149E-02 

2.396E-01 

1.401E  00 

2.896E 

01 

2. 0556 

03 

4.6ft0£_ 

02 

8.230E-02 

4.732E 

Ji2_ 

1.163E 

02 

4.B66E 

02 

2.355E 

03 

-3.2506-02 

9.423E-03 

2.396E-0L 

1.401E  00 

2.B96C 

OL 

2.055E 

03 

4.6  746 

02 

8*  240E-02 

4.740E 

02 

1.162E 

02 

4.861E 

02 

2.357b 

03 

t4.014Et02_ 

_ Li2Q6E-Q2 

_2.J9.6E- 01 

1.401E  00_ 

_  2  -.896E_01V._ 

2.055E. 

_03 _ 

.4.671E 

02  . 

8.244E-02 

A . 7 ASF  0?  L.161E 

JLL_ 

-4.85A6. 

_Q2__ 

_2.358E 

03  _ 

-4.697E-02 

1. 3266-02 

2.3966-01 

l.40lt  00 

2.896E 

01 

2.054E 

03 

4.667E 

02 

8.250E-02 

4.746E 

02 

1  •  160E 

02 

4.855E 

02 

2.358E 

03 

XIF7I  RSIF7I  WJ ( IH/SEC J  HWJI #H/HOLE I  77JIRI  PTJIPSFI  CPJI8TU/I  R|  GAHJ  RHDJIIM/F7  31  'JJIFT/SECI 

1  • 1941E-01 _ 4*635SE=Q2 _ 3.1613E-02  2.812QF  01 _ 5.  3Z5.5E_0.2...  2.2069E  03 _ 2*.4696E-0l  .1  -4005 E  00  7..  16 22E -02  3 . fiI5AE_J)_2 


HJIRTU/i)  TSJ.IRI _ 

1.3104E  02  5.2I63E  02 


_T.$0lR  1 
4.6693E  02 


HOIBTU/.il. 

1.1613E  02 


JTOIRI _ 

4 ■ 8604E  02 


.EJ0.LE5LI. 


2.3567E  03  2.3953E-01 


&UDQJ  m  F_T_3.)_UP_I_F_7./_S  E  C.l_ 
I.4009E  00  8.2263E-02  4.7883E  02 


Rl  FTI 

_ 5.A.42E-0Z_ 

4.050E-02 

_ 2.T42E-02 

2.436F-02 

_ 2.070E-Q2— 

1.743E-02 

_ 1.430E-02_ 

1 .197E-02 
..  9.2Q5.f-03_ 
5.767E-03 

_ U071E-03  . 

-4.399E-03 

_ -9.* 

-1-441E-02 
__rl.763E-02_ 
-2.155E-02 


C  CPI BTU/I  R I  GAM  NW  PSIPSF)  VSIR)  RHOI 

7.693F-Q?  2-197E-01 _ tE_00_2 - 8.95E  01  2.0A9E_03  4*666E_02 _ 0. 

2-L38E-02  2.397E-0L  1.40LE  00  2.895E  01  2.048E  03  4.66BE  02  8. 

-3.jA0l7.E-Q2L_2.3_98E-01_.  1.401E _00_2,894t  01  2..CH0E_O3 _ 4.6.75E_02 _ 8_. 

6.274E-02  2.400E-01  1-40LE  00  Z-892t  01  2.049E  03  4.701E  02  8. 

2 . 39RF -Q1  7  »413F- 01 _ 1-401E  00  2,8 76E  Ql _ 2«QS0£  03 _ lt-8 12£  02 _ L 


5.579E-01  2.437E-01  1.40LE  00  2. 

"9-750E-01  2.468E-01  l.400E_00_2‘ 

_9..  8.9.8  E-0i_2*_469E= 01  U400E  00_2 

9.944E-01  2.469E-01  1.400E  00  2 

9.842E-Q1 _ 2.36SE-01  I.AQOE  OQ  Z. 


9*95  IE-01  2.469E-01 


849E  01 
.622E.01. 
814E  01 
813F  01. 
812E  01 
813E-1^ 


2.0S1E  03 
2.092E  03 
2.053E  03 
_2*.053E_01_ 
2.053E  03 

-2«  Q23£...gi_ 


5.018E  02  7 
*.1B9E_02_7. 
3.232E  02  7. 
5.23BE  02  7 


•m/ft  3| 

228E-02-. 

223F-02 

2.07£~QZ 

1S6E-02 

511E=J12L 

538E-02 

222F-02 

145E-02 

135E-Q2 


1.400E  00  2.812E  01  2.0S2E  03 

-_4.0.0E_00_2  .  81 3E  01  2 .05  2  E_03 

8.837E-01  2.461E-01  1.40LE  00  2.822E  01  2.051E  03 

.5.5.92E-01  2.436E-01_  1.40lE-00_2.84«if_lll _ Z*.QS.QE  Q3_ 

1.614E-01  2 • 407E-01  1.401E  00  2.883E  01  2.049E  03 


5.228E  02  7.148E-02 

?>21fl£  QZ _ 


U( FT/SEC  I 
_4..766E_02_ 
4.778F  02 

Jtsll±£_Q2_ 

4.717E  02 
4*.495E  02 
4.047F  02 
_3.755£_02_ 
3.686E  02 
-3.6I4f_02_ 
3.677E  02 
3.669E  02 


5*  21 3E  02  7.16TE-02  3.674E  02 

5 . 222E_02_7.._1  5.3F=P2_ 

5. 164E  02  7.234F-02  3.733E  02 

E_02 _ 7, 613E-0Z _ 4.0Z7E  02 

4*  760E  02  8.032E-02  4.581E  02 


BTU/I  I  TTIRI 

161 

161E  02  4.B58E  02 

02  4.H65E  02 


PTIPSFI 


2.355E  03 
2,3  54b  03 


170E  02  4.BB7E  02 

198E  02 _ 3.979E  Q2  . 


25  LE  02  5.  152E  02 

3  0 1  E_Q2  S.3Q3E_JPZ_ 
31 4E  02  5.342E  02 

XI  5E_0  2  5 • 347E _ 02_ 

313E  02  5.33/E  02 

AIM  02— ?.32ZEJL 


2,  3451-  03 
2.31QE  03 


309E  02  5.322E  02 

2E _ P  2  5.33  ZE_Q2_ 

1.Z94E  02  5-Z77E  02 

U23BE_02  5* 097E  02. 

1.185E  02  4.934E  02 


2.249C  03 
Zt215E  Ql- 
2.207E  03 
2.206C  03 
2.207E  03 
2tZO&E.Q3- 


2.207E  03 
2.207E  03 
2.212E  03 

_2.  240E_OA _ 

2.5? It  03 


^jj66EzQ2 

_ 3.64QF-Q7 

7.398E-01 

1.401E 

00 

2.894E  01 

2.049E  03 

4.  7006. 

02 

8.  I64fc-J)2_ 

4.706E 

_02_ 

1.I68E  02 

4.885E 

02 

2.344b 

03 

-2.865E^02 

1.226E-02 

2 • 396E-01 

1.401E 

00 

2.896E  01 

2.049E  03 

4.663E 

02 

8. 203E-02 

9.7S5E 

02 

1.164E  02 

9.  B7LE 

02 

2.352E 

03 

-3#28aE^02 

7.?7hE-02 

2  >  397EU  0 1 

Ii4.QIE 

Qo 

2.895F  01 

2.049E  03. 

4.678E. 

0.2_ 

8.209E-02 

9.761E 

op 

1.164E  02 

4.866E 

.02 

_2. 353E 

03 

-3.936E-OZ 

I .285b— 02 

2.396E-01 

1.90IE 

00 

2.896E  01 

2.049F  03 

4.674F 

02 

8.219F-02 

4.764E 

02 

1.162E  02 

4.863E 

02 

2.354b 

03 

-4.ft6ZE-02 

2.676E-02 

2.397E-01 

1.401E 

00 

2.B95E  01. 

..2.050E  01  4.671E  02 

J.221E-02 

4.764E 

02 

1.162E  02 

4.860E 

02 

2.354E 

03.  _ 

-5.400fc-02 

2.38  IE-02 

2.397E-01 

1.401E 

00 

2.895E  01 

2.049E  01 

4.670E 

02 

8.223E-02 

4.760E 

02 

1.L62E  02 

4.858F 

02 

2.353E 

03 

X 1  FT  I 

RSIF7I 

UJKN/SECI  MHJI9R/HSIEI  MJIKI  PTJCPSri 

CPJIBIU/8  HI 

GAHJ 

RH0JIIM/F7  31 

UJIFT/SECI 

1.6835E-0 1  4.9784E 

-0?  3.1455E-Q2  2, 

.R1IQF  Ol  S. 32IQF  07  7-2071F  03 

_ 2m 

4697t-Ql  1 

.4005E  00 

7. 1520E-02 

3.7115E  02 

..  HJf BTU/I 1  TSilRI  _ 

TSQCRI 

_ HO  (  BTU/I  1  T.70CRI  PT  01  PS  FI  . 

CP0I8 TU/I  R 1  „ 

G4H0 

KHUUl IM/F7  31 

031 FT/SECI 

L  .3  L 10E 

02  5.2167E 

02  4.6719E 

:  02  1, 

.  1624E  02  4.864AE  02  2.3469E  03 

2. 

3964E-01  1 

■  4009E  00 

8.2123E-02 

4.R118E  02 

mm 

C  i 

CP  1 BTU/I  R 1 

GAH 

HU 

PSIPSFI 

tsiri 

RHOI IH/Ff  1) 

UIFT/SEEI 

HI  BTU/I  1 

TTIRI 

P7IPSFI 

_ .4.627E-02 

Z.832E-02 

2.397E-Ol_ 

L  .4QLE..00 _ 

.2. 895.C_ni _ 2 . 0-9&E  03  ».6T3 E. 

02, 

8.203E-02 

9.79ZE 

02 

l..l63E_02 

4.Q64E 

02 

2.354C 

03 

3 • 280E-02 

2.974E-02 

Z.397E-01 

L  •  4  OLE 

00 

2.894E  01 

2.04&E  03 

4.674E 

02 

8.200E-02 

4.789E 

02 

1.163E  02 

4. HftSb 

02 

7.313E 

03 

_ 2.663E-Q?  S.ZBIC-nZ 

.2.3996^01 _ U4P1E. 

2.B92E  01 

_2-_Q96E  .03.. 

_9.69>E. 

02. 

B.L60E-02 

.4.754E 

02 

1.168E  02 

4.882E 

02 

Z.347E 

03 

2.I7SE-02 

2.094E-01 

2.4UE-01 

I.90IE 

00 

2.879E  01 

2.046E  03 

9.798E 

02 

7. 947E-02 

4.573E 

02 

1.195E  02 

4.971b 

02 

2.318C 

03 

--1  ■  759E_— 02 

5.0  76E-01 

? -433F-01 

1.401E 

oo 

2. B53F  01 

2.04BE  03 

*.9T0C 

02 

7 • 609E-02 

4. 1B8E 

02 

1.240E  02 

4.114E 

02 

2.763b 

03 

L.424E-02 

7.506E-01 

2.451E-01 

1.401E 

00 

2.833E  01 

2.049E  03 

5. 120E 

02 

7.337F-02 

3.910E 

02 

1.2B1E  02 

5.244E 

02 

Z.ZZBE 

03 

.  1«037£=02. 

9..431E-01 

2.466E-01 

i.  ooe 

00_ 

.2 . 81 JE  .01  _ 

2.049E_03 

.5.206E 

02_ 

__7..L.7JE-Q2_ 

.  3,J*U. 

.02. 

_ l.-307E_02 

5.319F 

02 

2.210E 

03 

7.569E-03 

9 • 789E-01 

2.468E-0L 

1.400E 

00 

2.814E  01 

2.050E  03 

5.22  7E 

02 

7  -  14ZE-02 

3.720E 

02 

1.313E  02 

5.339E 

02 

2.20ft 

03 

4.889E-03 _ 9.79BF-01 

2 • 468E-01 

UAflQE 

_Q0 

2.8I4E  01 

2.050E  03  5.224E 

02 

7. 146E-02 

3.706F 

0? 

1 . 3 12E  02 

5.335E 

02 

2.206E 

.03 _ 

2.596b-04 

9.8L0E-01 

2 • 468E-01 

1 .4 OOE 

00 

2.813E  01 

Z.050E  03 

5.214E 

02 

7.L59E-02 

3.  701 E 

0/ 

I.110E  02 

5.  3?*>E 

02 

2.206E 

03 

_ =3.365E-03_ 

9.862E— 01 

2.469E-01 

1.400E 

00 

2.813E  01 

2.050E  0? 

4.2 13E_ 

02 

7. 159E-02  _ 

3.707E 

02 

1.310E  02 

5.324E 

02 

2.707H 

03 

-6.8  89E— 03 

9.850E-01 

2.469E-01 

1 *4  OOE 

00 

2.813E  Ol 

2.049E  03 

5.217E 

02 

7. 142E-02 

3.715E 

07 

1.31  ie  02 

5.329E 

02 

2.20  7E 

03 

_ =1  ..liae-02 _ 9.219C-01 

2.464E-01 

1.401b 

00 

2.818E  01 

_2 . 049E_03 _ 5_tl  87.E.  .0  2 

7.2n5h-02 

3.740E 

02 

1  • 301 E  0? 

5.  3 OOE 

02 

2.209F 

03 

-1.6I6F-02 

6.404E-01 

2.443E-01 

L -  40  IE 

00 

2.842E  01 

2.048E  03 

5 • 023b 

02 

7.498F-02 

3.95  IE 

02 

1.254E  02 

4.161E 

02 

2.735b 

03 

—2 . 034t— 02  2.7 14E -0 1 

^2.4.15E-01 

.1  ■  401C 

00 

2.873F  01 

Z.047E  03 

4.83  7E 

02 

7.871E-02 

4.365E 

02 

1.203E  02 

4.994E 

02 

.2.2  89b 

03 

“2«  3  71E-0Z 

1.073E-01 

2.403E-01 

1.4  01b 

00 

2.880E  01 

2.04  7E  03 

9.739E 

02 

8*071 E-OZ 

4.630F 

07 

1.1T9E  02 

4.9I7F 

02 

2.328E 

03 

_ -2. 90? E- 02 

2.3Q2E-OZ 

Z.397E-01 

1-901F 

00 

2.895E  01 

J)3 

4.  691_£_ 

8. 175E-02 

9.738E 

02 

1.166E  02 

4. R7RF 

02 

2.346C 

03 

-3.343E-02  1.588E-02 

_r4.720E-02._l,823E-q2 
-5.404E-02  1.439E-02 

.-5.973E-02  _l.,_8.l4E-02 
-6.51LE-02  1 ,9226-02 

tJ-k  44 1  E-  02  J«$AlE-02.. 


2  -  3  97E-01 
2.3  9.7.E-0 1 
2.396E-01 
2. 397^0 1 
2.397E-0L 


4.663F  02  8.192E-02  4.763E  02  1.165E  02  4. 872E  02 

4..674E_02 _ 8. 207F-02 _ 4.790F  02  I.I63E  02  4 . 865E  0Z_ 

4.672E  02  8.211E-02  4.803E  02  1.163E  02  4.H64F  02 

047E  03  4.671F,  02  8.213fc-Q2  4.808C  02  1.163E  02  A.863E  02_ 

2.047E  03  4.689E  02  0.215E-O2  4.818E  02  1.163E  02  4.862E  02 

2>047E  03  4.689F  02  8.216E-02  4.622E  02  1 • 163E  02  4.863E  02 


AEDC-TR-71-238 


§ 


xifti  rsifti  mjiim/seci  mmji»h/noi.ei 

2 . 08 &.4Et01 _ 5 . 2605E-02 _ U.7 2 5E-.02 _ 2 .8111E  0 


HJIBTU/A  | _ TSJIRI 


TSOI  R  I 


I.3113E  02  5.2163E  02  4.6745E  02 


H0I8TU/HI 
1.1646E  02 


TTJIRI  PTJIP5FI  CPJIBTU/f  R)  GAHJ  RH0J18A/FT  31  UJIFT/5ECI 

2 2.Z0T5E  03 2.4698E-01 1.4005E  00  7. 1476E-0Z  3.7334E  02  . 

_  TTOIfi.) _ EIOIPSH _ CPOISTlI/f  R  I  GAH3  RHOOI  8H/FT  31  U3IFT/5ECI 

4* 8738 E  02  2.3574E  03  2.3954F-0I  i  1.4009E  00  8.1946E-02  4.8285E  02 


RIFTI  C  CPI  8TU/A  R)  CAN  MM  P5IP5FI  1SIR1  RHOKM/FT  31  UIFT/SECI  HI8T0/#) 

4.677F-n7  2.7316-07  7.3476-01  1.4ntE  00  2.895E  01  2.0456  03  4.682E  02._  8.  1836-02  4.799E  02  1.I66E  02 

3.9506-02  Z.853E-0Z  2.397E-01  1.401E  00  2.894E  01  Z.045E  03  4.6816  02  8.1866-02  4.8166  02  1.166E  02 

-3.324£=02_3.4ZTE=aZ_Z.3.98e-0l _ 1-.4D1.E_00  2.J824E_ftl_  2. 04SE_Q1_4.  6846  _02 _ 8.178E-02  4.781E  02 

2.968E-02  3.905E-02  2.398E-01  1.401E  00  2.894E  01  2.045E  03  4.690E  02  8. 1646-02  4.779E  02  1.167E  02 

2.617E-.Q2--9.621f-0Z _ 7-402E-01  1.401F  00  2.B89F  01  2.04SE  03  4.720E  02  B.10IE-02  4.734E  02  1.176E  02 


TTIRl  PTIPSFI' 

4.  874E  02  2. 3 536  .  03 

4.874E  02  2.356E  03 


4.880E  02  2.349E  03 

4. 906E  02  2.341E  03 

2.B77E  01  2.045E  03  4.798E  02  7.939E-02  4.601E  02  1.196E  02  4.973E  02  2.319E  03 

2JfL7E_0 1  2.04J>.e_ai_4.884i_Q2__J..773E-02 _ 4.390E  02  1.217E  02 _ 5.043E  02  2.288E  03 

2.849E  01  2.047E  03  4.995E  02  7.557E-02  4.170E  02  1.24BE  02  5. 138E  02  2.25BE  03 

2.B19E  0  1  2  -  048  E  03  S.200E  02  7.189E-02  3.T76E  02  IJ05E  02  s7Tl6E  02  2.Z12E  03~ 

2.815E  01  _  2 ■  049E  03 _ 5.  20TE  02  7.1B8C-02  3.731E  02  1.308E  02  S.320E  02  2.208E03 

2.B14E  01  2.049E  03  5.213b  02  7.157E-02  3.730F  02  1.310b  02  5.326E  02  2.207E  03 

=J^414E-03__a.JJ.8.2E-0|...2.3A9E=Dl_  .U4.0Ot_fla_2.813E_ai _ Z.P49E  03 _ 5.-Z13E.02  7.  1556-02 _ 3.733b  02 _ UJJO.E  07 _ 5,1256  02  2.Z0BE_D3_ 

-4.5096-03  9.B78E-01  2.469E-01  1.400E  00  2.813E  01  2.048E  03  5.213E  02  7.154E-02  3.728E  02  1.310E  02  5.325E  02  2.207E  03 

-7. 548 E— 03 _ 9.682E=ftl_2.A67E-OL__LL4Jl0E  00  7.814E  01  2.04BE  03  5.205E  02  7.1686-02  3.737E  02  1.307E  02  5.31  BE  02  2.Z0BE  03 

-1.109E-02  B.929E-01  2.4626-01  1.401E  00  Z.821E  01  2.048E  03  5.1606  02  7.244E-02  3.795E  02  1.294E  02  5.277E  02  2.214E  03 

-1.486E-02  6.B16E-01  7.446E-01 _ 1.4016  00  2.83BE  01 _ 2.04TE  03  5.0406  02  7.441E-02  3.953E  02  1.Z60E  02  5. 1676  02  2.233E  03 

-1.824E-02  4.368E-01  2.A28E-01  1.401E  00  2.859E  01  2.046E  03  4.918E  02  7.699E-02  4.278E  02  1.227E  02  5.069E  02  2.273E  03 


2.239E-02  2.300E-01  2.412E-01  1.401E  00 

_.1.9_7_lE=QZ_3.483E=fll_2._421E-0] _ 1..401E  00 

1.669E-02  5.542E-01  2.436E-01  1.401E  00 

_L.J41E-02_U21t01  _2..4ilE^0.1_  1.401E  00 
9.774E-03  9.085E-01  2.4636-01  1.400E  00 

.  6.64BE-03  9.6Z2E-Q1  2.467E-01 _ 1.400E  00 

Z.Z85E-03  9.765E-01  2.468E-01  1.400E  00 


1.401E  oq_ 


2.876E  01 
2.891E  01 


-2. 167E-02  2.4156-01  2.4136-01 
-2.609E-02  7.223E-0Z  2.401E-01 
-2.9B8E-02  1.844E-02  2. 3476-01 
-3.373E-0Z  2. 1416-02  Z.397E-01 
,r5.fl39E-Q2.  1.H1E-02  2.346E-Q1 

XIFT  I  RSIFTI  MJKM/SECI  HMJttH/KOLE)  TTJIRI  PTJIP5FI  CPJIBTU/f  Rl  GAM  J  RHOJ  IBM/FT  31  UJIFI/5EC1 
2.68656=01.  5.680D£=02_.3il957E=02_.2^8U9E  01 _ 5.32BBF  02  2.2093E  03  2.4697E-0I _ 1.4Q.B5E_M _ L.15.T0E-02  _3^_7ALlE_g2_ 


2.046E  03  4.B12E  02  7.4146-02  4.549E  02  1.194E  02 

1.401E  00  2. 8916  01  2.046E  03  4. 724E  02  8.1026-02  4.7426  02  1.176E  02 

1.401E  00  2.895E  01  2.046E  03  4.1.94E  02  8.  168E-02  4.814F02 _ 1.168E  0 

1.401E  00  2.B95E  01  2.046E  03  4.6876  02  8.1816-02  4.811E  02  1.167E  02 

1.401E  00  2.8966  01  2.047E  03  4.6846  02  8.1926-02  4.B02E  02_U165f-02 


4.B76E  02  2. 3S5E  03 


.HJJL8T U/.ll _ I5JTA1 _ _ TSOIRIj _ Mauoiizil- _ -TTOJA) _ P.T0I  P5FI  CPOIBTU/t  R.I _ PASO—  RHOQl JM/FJL ll_UJ.Ifl/SE.Ci 

1.3112E  02  5.2143E  02  4.6875E  02  1.1664E  02  4.8816E  02  2.35586  03  2.3954E-01  1.4009E  00  B.177BE-02  4.82676  02 


RIFTI 

c 

CPISTU/f  Rl 

8AM 

MW 

PSIP5FJ 

T5IRI 

RHOI8M7FT  31 

0IFT/5EC) 

HIBTU/f 1 

TTIRl 

PTIPSFJ 

-_4.9Q5£-02_ 

2  .5536-02- 

-2.3.9.7E-01 

l-.401E.aO__Z.845E. 

.01 

2aU4^E__03 _ 

4.6B7E_ 

.QZ _ 8.-1736  -0Z__4.JJU.E_P  2. 

_.l-.l 6 7F  QZ  _4-_8 79E 

02 

2-35ZE. 

.03 

3. 505E-02 

3.8AOE-OZ 

2.398E-01 

1.401E 

00 

2.844E 

01 

2.045E  03 

4-692E 

02 

8.161E-02 

4.794E 

02 

1.168E 

02 

4.B83E 

02 

2.351E 

03 

_ 3#099E-02. 

_5..  2  206=02 _ 2  .3946- 0 1 .  _l  JO  IE_  00 

2.89ZE_fll_ 

_ 2 . 044 E  03  4.70 5 E . 

.02. 

8. 133E-OZ 

4.792E 

0? 

1.172E 

02 _ 

4.896E 

02 

2-349E 

0} 

Z.687E-0Z 

l • 226E-01 

Z.404E-01 

1-401E 

00 

2 • B86E 

01 

2.044E  03 

4.745E 

02 

8- 048E-02 

4.735E 

02 

1.183E 

02 

4- 931 E 

02 

2.33BE 

03 

2.224F-0 2 

2. 3 70 t -01 

2-413E-01 

F.401E 

00_ 

Z.876F 

,  01 

2.045E  03 

4.B29E 

02 

7 ■ 8B4E-02 

4.9(J2E_ 

J iz__ 

1.204E 

02 

5.003E 

QZ. 

Z-314E 

_tt3 

1.937E-02 

3.BZ2E-01 

2.424E-01 

1*4  OIE 

00 

2-864E 

01 

2.046E  03 

4.B93E 

02 

7.749E-02 

4.374E 

02 

1 . 22  IE 

02 

5.051E 

02 

2.ZB6E 

03 

1 . 569E-.0Z. 

5_.320E-Q1_ 

2.4356-01  .1 .4016. 

-00 

2.0516  01 

2.046E  03 

4.965E 

02 

7.  575E-0Z 

4.132E 

o? 

1 J44F  02 

5«_TZ5E 

02 

2.  Z54§_ 

1-239E-02 

7.16BE-01 

2.449E-01 

1.40IE 

00 

2.835E 

01 

2.047E  03 

5.084E 

02 

7.390E-02 

4.004F 

02 

1.273E 

02 

5.214E 

02 

2.237E 

03 

9.469E-03 

8.#2.I4£i01  . 

2.456E-0L 

1.40 IE  00  2.8276  01  7. 04 IE  03 

5.134E 

OiL 

7 • 289E-02 

J..407E 

02 

I.Z86E  02 

5.Z63E 

02 

?■  2.2  56 

03 

5.359E-03 

9-08 lfc-01 

2.46  3E-01 

I.401E 

00 

2.819E 

01 

?.048E  03 

b- 1R3E 

02 

/7.210E-02 

3.796E 

02 

1.301E 

02 

5.300E 

02 

2.Z14E 

03 

2 .031 E— 03 

9,  lBf.E-01 

Z -464E-01 

1.401E 

00 

2.8L9E 

01_ 

2.04BE  03 

5al92E 

02 

7. 195F-0? 

3.772E 

02 

1.303E 

o? 

5  •  30  BE 

_oz 

2*  21 IE 

03 

-1.3IZE-03 

9.515E-01 

2.466E-01 

1.401E 

00 

2-BlbE 

01 

2.04BE  03 

5. 193E 

02 

7- IB6E-0Z 

3  •  75 BE 

02 

1.304E 

02 

5*  30BE 

02 

2.210E 

03 

•J..24UL-_0  3_ 

_ 9# 156E-01 

_2  -.4  63  E-01  1  .A.G1E. 

OO  2.8146 

01  . 

.Z.047E  03 

5.184E. 

.02. 

_7..  206E-02 

^.-.t63E 

02 

1  •  301JE  02  . 

5.298F 

02 

_2.J1.0E. 

-03. 

-8.1irE-03 

8.777fc-01 

2.46LE-01 

1.4016 

00 

2.822E 

01 

2.047E  03 

5.157E 

02 

7.250E-O2 

3.810E 

02 

1.293E 

02 

5.275E 

02 

2.215E 

03 

_.-U0B5E-02_ 

._7..7_47E-01_ 

_2..453E-Ol 

.l.A0LE_0O. 

2.831  E- 

_ai — 

_2..  04.7.E_03 

.02. 

T.  3M6.-Q2_ 

_3.B83F. 

.0  7. 

1.279F 

07 

5.231E 

02  . 

.2-2246 

-03_ 

-1.397E-0Z 

6 • 45BE— 0 1 

2 -443E-01 

1.401E 

00 

2.B41E 

01 

2 *046E  03 

5.027E 

02 

7.485E-02 

3-994E 

02 

1.256E 

02 

5. 15BE 

02 

2.23BE 

03 

-1  .  74.0F-0? 

4.77IF-01 

2.43IE-0I 

1.4016 

00 

2.856E 

01 

2-046E  03 

4.938E 

02 

7-657E-02 

4.Z00E 

Q2 

1.232b 

op 

5.08  3E 

02 

2.263E 

-03 

-2 -0B6E-02 

2.922E-01 

2.417F-01 

1.40LE 

00 

2.8 T2E 

01 

2 • 045E  03 

4.H46E 

02 

7.848E-02 

4.432E 

02 

1.207C 

02 

5.00BE 

02 

2.745E 

03 

-Z.430E— Q2_ 

_  1..  6056^01 

2LJ07E-01 

1-40IE 

00 

2.883E__0l_ 

_Z-045EJ).3__ 

_4«.7_72E_ 

02 

7.994E-02„ 

4.6466 

.02 

1.1B9E 

02 

4-95 IE 

02 

2-325E. 

_93_ 

-2.799E-02 

7.773E-02 

2.401E-01 

1.40LE 

00 

2.B40E 

01 

2.045E  03 

4- 725E 

02 

8.094E-02 

4.732E 

02 

1.176E 

02 

4*  91 IE 

02 

2.340E 

03 

-3.144E-0Z 

3.235E-02 

2-3  98E-01 

I.401E 

00 

2 « 894E 

01 

2.045E  03 

4.  705E 

02 

8- 141E-02 

4.774F 

02 

1.171E 

02  _ 

4.895E 

02 

2.34BE_ 

03 

-3-403E-02 

I.759E-02 

2.397E-01 

L-4o IE 

00 

2-B95E 

01 

2.045E  03 

4.897E 

02 

8.  160E-0Z 

4.742E 

07 

1* 169F 

02 

4.889F 

02 

2.351E 

03 

—4 • 1 13E— Q2 

Z. 5576-02 

2 - 397fc-0 1 

1-401E 

JJO 

2.A95E 

01 

2.046E  03 

4.690E 

02 

8.  172E-02 

4.B00E 

0? 

1.J67E 

02 
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cpoianj/f  r i 

GAHO 

RMOOUM/FT  31 

U7I FT/SEC ) 

1.3L14E  02 
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2.0446 

03 
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4.799E 

02 

1.169E 

02 
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2.894E 
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4.894E 
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2.044E 

03 
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02 
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03 
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1.938E-01 

2. A  LOE-OL 

1.40LE 

ao 
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03 
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1.249E 
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03 
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03 
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02 
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2.229E 

03 

2.365E-03 

8.0021—01 
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ou 
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1  a  40  IE 

00 
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01 
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03 

5.128E 

02 
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02 
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02 
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02 
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03 
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00 
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01 
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03 
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1.401E 

00 
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01 

2.045E 

03 

4.954E 

02 
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4.207E 

02 

1.237E 

02 
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2.262E 

03 
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2.418E-01 

1.401E 
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01 
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_7-.83J.E-02  . 
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02 
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-2.706C-02 

1.442E-01 

2.406E-01 
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00 

2.884E 

01 

2.045E 

03 

4.767F 

02 

8.008E-02 

4.648E 

02 

1.18TE 

07 
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03 

-3.439E-Q2 
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2.893E 

2.045E 

03 

4.712E 

02 
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03 
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2-045E 

03 
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0? 
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4.814F 

02 

l_._l6.9E 
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4.842E 

02 

l a  17 1 b 

07 
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3.Q69E-02 

1. 3496-01 

2 -405E-01 
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2.044F 
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2.045E 

03 
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2.045E 
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3.967E 
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_l--40LE_Q0 

_2.84 1E_ 

.01 
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5.062E 

0? 

2.278E 

03 

“2  *295E— 02 

2. 4796-01 

2.414E-01 

1 .40  IE 

00 

2.B75E 

01 

2.044E 

03 

4.818b 

02 

7.896C-02 
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5*1 1266 -01__7. 118.86=02 _ l*_l  2  8.96=02  2.8U4E  01  5.3314E  02  2.2040E  03  2.4701E-01  U4005E_.00_7_._l283Ez02  3,  ?51?F  07 


HJ  IBfU/U  ISJJJLl 
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4.789E  02 
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2-2791:  03 
2t?T4E  03 


-9.1896-03  3.658E-01 


-2.286E-02 

-2.954£-02_ 

-3.6336-02 

-4.354E-Q2 


-3.080E-02 

-5.694E~02_ 


2.161E-01 
_1.316E=01_ 
9.7046-02 
5.892E-0 2 


2.423E-01  1.4016  00  2.8656  01 
-870J_0L 
2.412E-01  1.401E  00  2.878E  01 


2.9196-02 

2.165E-02 


1.4016  00  2. 8886  01 

.L.AQJtE  00  2. 892 E  OL 

2.3986-01  1.401E  00  2.894E  01  2.041E  03 

2.397E-01  1.401E  00 _ 2 - 8.95E_01 _ 2 - 04 U_03_ 


2.4036-01 
.2-aA.QOEz.Ql . 


2.042E  03 

-iL-0A2E_PJL 


4.8946  02  7.741E— 02  4.362E  02 

4.B63E  02  7. 799E-02  4.4 54E  02 

4*  823 E  02  7.8871 — 02  4-595E  02 

4.788E  02 _ 7. 960E-02  4.696E  02 

8.0326-02  4.7646  02 

Bt072E-02  4f8p8.E_Q.2_ 


4.754E  02 
^■-7 35E  02 


4.724E  02 
4.720E  02 


8.096E-02 
8. 101E-02 


4.8096  02 
4.809E  02 


1.2206  02  5-0516  02  2.281E  03 

1.213E  02  5.027E  02  2.293E  03 

1.202E  02  4. 99BE  02  2.312E  03 

1.193E  02  4.971E  02  2.328E  03 

1.184E  02  4.9426  02  2.3396  03 

1.179E  02  4.9276  02  2.347E  03 


1.1766  02 
1.1756  02 


4.916E  02  2.347E  03 

4.913E  02  2.347E  03 


— 6.409E-02  2.396E-02  2.3976-01  1.4016  00  2.8956  01  2.0406  03  4.722E  02  8.095E-02  ..4*8066  02  1.175E  02  4.915E  02  2.346E  03. 


eEZ-iM)i.-oa3v 


XIFTI  RS I  FT  I  NJ  ( f  H/SEC  >  HMJI 8N/H0LE I  TTJIRI  PTJIPSFI  CFJ(BTU/«  R(  GMfJ  RHOJIIH/FT  31  UJIFT/SFCI 

6.7861E=01 _ ft.5S03E=02_  3.  1749F-02 _ 2.JLUAE_01 _ 5.3402E  02  2.20H0E  03  2.47076-01 _ I.4005E  00  T.1142E-02  3.8267F  02 

_ HJI8TU/.IM _ T.SJ.IRI _ TSOIRI _  HJI8TU/H  TTOIRI _ P.T.OIPSF)  CFHIRHI/i  Rl  GAMP _ RU3.0J*R/.t.T_3l  J3IFT/XECI 

1.3143E  02  5.2219E  02  4.7154E  02  1.1750E  02  4.9174E  02  2. 3580b  03  2-3956E-01  1.4008E  00  S.0982E-02  4. 921  ft  02 


» — ' 


RIFTI 

..7.007E-02. 

6.156E-02 
__4.9.946=02_ 
4.452E-02 
— 3#  752Erfl2. 
3.053E-02 

_ 2-377E-02. 

1.B01E-02 
_l.  0656=02 
4.979E-03 
.  -2. 

-5.959F-03 

_=ft.420E-O3 

-1.718E-02 

-2.24lEM3.2- 
-2.859E-02 
-3.630E=fl2. 
-4.2HE-02 
-S.002E-02 
— 5.682F— 02 
— 6..375E— 02 
-7.  100E-02 


C  CPI8TU/8  Rl 

.1 .708E-02  2.397E-0 1 

2.105E-02  2.397E-01 

4-28  IE-02  2-399E-01 

6.616E-02  2 . 400E-01 

1.338E-01  2.405E-01 

2.082F-01  7.4111-01 

2.507E-01  2.414E-01 

.2  .865E-01 _ 2 .417E^,< 

3 . 023E-01  2. 418E-01 


2.414E-01 
-1  ..9.93E-0 1_2 .4 10E-0 1. 
1.599E-01  2.407E-01 

1.Q79E-01  .2.4046-01 
8.324E-02  2.402F-01 

>•4.486-02 
2.5246-0 2  2.397E-01 

.2.3276-02 _  2.3976-01 

2.881E-02  2.398E-01 


895E  01 
893E_01_  , 

89 IE  01  2.039E  03 

885E  01  2.040E  03 " 

8.7.9E_0l _ 2  ■  0.40  E  „03_ 

87SE  01  2.041E  03 

872E_01 _ 2. 

871E  01  2 •  04 1 E  03 

821E  HI _ 2.342E  03 


TStRI  RHOI 
4.744F  02  _8., 
4.  736F  02 
.7.38  E.  02 


88/FT  31 
04AEtfl2_ 


B.063E-02 
8 . 060E-02— 


UIFT/SECI  HI BTU/i I  TTIRI 
_4.8_45.E_02 _ 1.18  IE  02  4.940E. 


PIIPSFI 
02  2.345F  03 


4.833E  02  1.179F  02 

4.8166  02  1.1  HOE  02 


4.931F 
4. 931E 


2.346F  03 
2.  345E _ 03_ 


871E  01  2.0426  03 

072E_O1_2..A4LE_Q1_ 
875E  01  2.041E  03 

880E  .0.1 _ 2.0.41E_03 

B83E  01  2. 041 E  03 

888E  01  2 .04 IE  03 


,743b 

02 

R.046E-02 

4.806E  02 

1.L82E 

02 

4-935F 

02 

2.343b 

03 

76.0fi_ 

02 

R.0L3E-02 

4.755E  02 

_U.L8.6t 

02 

4.  94  7E 

02 

2.335F 

03 

»785h 

02 

7.960E-02 

4.684E  02 

L.192E 

02 

4.967E 

02 

2.324E 

03 

i  8  16E 

02 

7.B93E-02 

.1.20  Of. 

02 

4.997E 

02 

2.  312F 

03 _ 

■  83  4E 

02 

7*85  7E-02 

4.545F  02 

1.205E 

02 

b.OOSE 

02 

2*3  04E 

03 

,B64C 

_0_2 _ 7..  .80  Lb-02 

*_.>2BE_02_ 

1-2111. 

_Q2_ 

_U.Q2.61_ 

J>2_ 

_2.289E 

03 

871b 

02 

7. 7RAE-02 

4.446E  02 

1.214E 

02 

5.0i4E 

02 

2.290b 

03 

865E 

02 

7.799E-02 

4.419F  02 

1.212E 

02- 

5.026E 

02 

2*  2  88C 

03  _ 

.  866E 

02 

7. 7961—02 

4.448E  02 

1-213E 

02 

5.079E 

02 

2.291E 

03 

l852E_ 

02 

7. 020E-0? 

4.522E  02 

1.21  PE- 

_Q2_ 

5^02  IE 

07 

2.30IE 

03 

,837b 

0? 

7.857E-02 

4.557E  02 

1.206E 

02 

5.009E 

02 

2.306E 

03 

4.813F  02  7.903F-02 


948E-02 

002F-Q? 


4.793E  0?  7 

4.766E  02  8. 

890E  01  2.040E  03  4.744E  02  B.046E-02 

8936_01 _ 2  .04  OF  03  4.7316  02 _ B..QJ5E-02 

895E  0  1  2.039  E  03  4.726E  02  8.0B6E-D? 

S95E.01 _ 2..0J9E  03  4-7Jj).E_tt2__flJJ2I6JE=P2_ 

894E  01  2.039E  03  4. 737E  02  8.063E-02 


-4.6Al_t_0.2 _ 1.200E  02_ 

4.69BE  02  1.195E  02 

4.752E  02 _ 1.1B8E  02 


4.992F  02  2. 31 BE  03 


4.819E  02 
*jl844E_02_ 


1.183E  02 
1-W9E  02 


4.976E 
A.954E 
4.  93  76 
4.927F 


4.R69E  02  1.177E  02  4.923E 

_4.B34E_02 _ 1.177E  02  4.9246 

4.822E  02  1.179E  02  4.930E 


02  2.32  7E  03 

02  2. 3356  03- 

02  2.345E  03 

.22 _ 2.  351 E  .03 

02  2.353E  03 

02 _ 2«J_4TEJ3_ 

02  2.345E  03 


XIFTI  RSIFTI  WJUN/SECI  NWJ I FM/HOLE I  TTJIRI  PTJIPSFI  CPJtHTU/f  R|  C*NJ  RHOJIiM/FT  31  UJIFT/SECI 

J.5676Er01 _ 9.D9.73E-02 _ 3.1B21E-Q2 _ 2.0113E  01 _ 5.3420E-Q2 _ 2.._2090E_03.  2.47O4E-01  .  _l._40.O5E_0.Q _ J..109.1E=02_  3.H550F  02 

IIJ.I  QJJJ/jl  I - T.S  J.l  R ) _  TSOIRI _ HQ.I.B.T  U/  « I  _ T.TO  I R I _ P.TOI  P.5F.I. _ CEOiBILU/.«_RI_.  G8IQ _ RHOnni/FT  31  U3 1  FT/SEC  I _ 

1.314BE  02  5.2219E  02  4.7151b  07  1.1759E  02  4.9210E  02  2.3610E  03  2.3956E-01  1.4008E  00  8.0863E-02  4.9714F  07 


RIFTI 

C 

CP ( 8TU/I  Rl 

GAN 

NW 

PS( PSF1 

TS(  Rl 

RHOI fN/ FT  31 

UIFT/SECI 

H( BTU/f  1 

TTIRI 

PTIPSFI 

-7..  5.7  2£=D2_ 

.  2,.929Er02. 

_ZiXanE=aJ _ 1-4016 

00 

2«R94E  01_ 

2. 0336  03 

U780E. 

.02 

7.970E-02. 

__4.746!_02 

1.J88E  02. 

4.967E 

02 

2.326E 

03  . 

6.209E-02 

3.647E-02 

2.398E-0L 

1.40LE 

on 

2.894E  01 

2.036E  03 

4.753E 

02 

8.025E-02 

4.829E  02 

L.183E  02 

4.947E 

02 

2.342E 

03 

^.786E-02_ 

-6..264E-02 

„  2.400E-01  1  -A.Ol  E. 

-00 

2.  89  IE_01_i 

_2.038E  03 

4.750E  02 

_ 8...029E  -02 

4.818.E  02 

1.183E  02 

_4-_941E 

02_ 

2.342E 

03 

3.601E-02 

1.O66E-01 

2.403E-01 

1.401E 

00 

2.888E  01 

2.039E  03 

4.770E 

02 

7 .9891 — 02 

4.760E  02 

1.169E  02 

4.958E 

02 

2.334E 

03 

2.978?— 07 

1.464E-01 

2.406F— 01 

1 9  4  Q1E_ 

00 

2.884F  01 

2.039E  0? 

4.787b  02 

7. 9b2E-02 

4.730E  02 

1.193E  02 

4.972b 

02 

2.329b 

03 

P.240E-02 

U975E-01 

2-4LOE-01 

1*401 E 

00 

2.8806  01 

2.039E  03 

4.807E 

02 

7.907E-02 

4.660E  02 

1.199E  02 

4.  90  7 E 

02 

2.319E 

03 

_ U114E-02 

_2-.10.5EMU _ 2..411E-01 

1.401E 

-O.Q.. 

2jJL7.9E._01 _ 2.0.40E  03 

4.826E 

02 

7.874F-02 

4*  581E__02_ 

_1  ■ 202E  02 

5.000E 

02 

2. 3  ORE 

03 

9  «  L46E-03 

2.425E-01 

2.414E-01 

1.4II1E 

00 

2.876E  01 

2.040E  03 

4.H42E 

02 

7.B4U-02 

4.529E  02 

1.206E  02 

5.012E 

02 

2.301E 

03 

3  *  1 10E.-Q3 _ 2  ..5.74£^0 1_ 

2.415E-01  1  ._40 1 E 

00 

2.8.74F  _01_ 

2.040E  03  4..848E 

02 

7.829E-02 _ 

4.500E  OZ 

L*2SSF  J>2 

Jl.OllE 

02 

2.297E 

03 

-3.237E-03 

2.604E-01 

2.4L5E-01 

1.401E 

00 

2.874E  01 

2.040E  03 

4.848E 

02 

7.830E-02 

4.537E  02 

1.208E  02 

5.018b 

02 

2.302E 

03 

-1.O50E-O? 

2.356E-01 

2.413E-01 

_L-4  01E 

00 

2.876E  01 

2.040E  03 

4.830E 

op 

7.863F-02 

4.600E  02 

1.205E  02 

5.006F 

02 

2.  31  OF 

03 

-1.693E-02 

2.176E-0L 

2.412E-01 

1.401E 

00 

2.87BE  Ol 

2.040E  03 

4.  BITE 

02 

7.889E-02 

4.627E  02 

1.201E  02 

4.995b 

02 

2.315E 

03 

_z2.«>33Er02  . 

.  1.728E-0.1_2...408E-0l 

1.401E 

00_ 

_2 . 8  82£_Q1 _ 2.040.6.03 

J>.  799E 

02 

7 . 927fc-02 _ 

4.718E  0.2. 

_1-.19_7E.02 

4.984F 

02 

2.327F 

03 

-3./22E-02 

1 . 082E-01 

2.404E-01 

1.401E 

00 

2.887E  01 

2.04OE  03 

4.760E 

02 

8*  OO0E”O2 

4.831E  02 

1.167E  02 

4.954E 

02 

2.345b 

03 

_r5.iifl0£-02_ 

—4.  7.7.4  tO  2. 

2.3996-01 

-l.-4.01E. 

.00 

2.8936—0.1— 

-2...039.E  03  A.J42£_il2. 

_8.049E-02 

4.R61E  02 

._L._1.82E  02_4._939E 

02_, 

-2.350E . 

.03 

-i. 845E-02 

2.779E-02 

2.398E-01 

1.4UIE 

00 

2. 8950  01 

2.038E  03 

4.740E 

02 

H.054E-02 

4.858E  02 

1. 18 IE  02 

4.937E 

02 

2.348E 

03 

-6.431E-02 

2.0 1BE— 02 

2.398E-01 

1 .  401E 

no 

2.895E  01 

2.037E  03 

4.74b? 

02 

8.044C-02 

4.854F  02 

1.182E  0? 

4.941b 

0/ 

2.34  /E 

03 

-7.766E-02 

2.987E-02 

2.398E-01 

1.401E 

00 

2.894E  01 

2.037E  03 

4.767E 

02 

8.007E-02 

4.798E  02 

1.1R6E  02 

4.958E 

02 

2.338E 

03 

AEDC-TR-71-23B 


XIFTI  RSI  FT )  MJliM/SEC)  MWJliM/MOVfc)  TTJIRI  '  PTJIPSFI  CPJIBTlV*  Rl  GAMJ  KHOJ I *H/FT  31  UJIFT/SEC) 

„8.>263E-01_..9.698AE-02 _ 1.19576-02  2.8112E  01  5.3429E  02 _ 2.2107E  03  2.4704E-01  1.4005E  00  7.10&H.E-02  3-8855E  02 

.KJIBr.U/#) _ JCSJIRI _  TS0.1BJ _  HOIBTU/8)  TTPIRI _ PLCLl.PS.F_) _ CPQ(  BTU/i  Rl  GAMO  RH0QI1H/FT  3)  U01FT/SECI 

1 -3 15  IE  02  5.2210E  02  4.71B2E  02  1.177&E  02  4.92B0E  02  2.3647E  03  2.39S6E-01  1.4008F  00  8.0719E-02  5.0191E  02 


RIFT)  C  CPI BTU/8  R )  GAM  MM  PSIPSF) 

7.701E-02_3.325£=02_2.398Eilll_JL.401E  0.0 _ 2.894E  01  _2 .£3JLE_03L_ 

6.24AE-02  4.354E-02  2.399E-01  1.401E  00  Z.893E  01  2.034E  03 

4.963Er02__5.7,50E-02_2*A.OOE-01  1.401E  00  7.892F  01 _ 2.O36E_03_ 

4.279E-02  8.555E-02  2.402E-01  1.40lfc  00  2.889E  01  2.037E  03 

-_3.6l2E.rJ2 _ 1.100E-01 _ 7.404F-01  1.401F  no  2.887F  01  2.03BE  03 


3.044E-02  1. 

..2-268E-02 _ 1. 

1 -680E-02  1. 

_l-.-0-T8.Er02 _ 1 , 

3.823E-03  2. 

-1.028E-02"  2. 

-1.713E-02 _ 1. 

-2.368E-02  1. 

-3.012E-02 _ L. 

-3.462E-02  1. 


2196-01  2.40SE-01 

579ErO  1 _ 2..40  TE  -01 

886E-01  2.410F-01 

_913tr01  2._4J.QtiaL_ 
113E-01  2.411E-01 

-.01  ,2..il2E-01_ 


TSIR)  RH0I8M/FT  31  UIFTTSCC) 

_4.80 1  E_Q2 _ 7.925F-02  4.687E  07 

4.775E  02  7.977E-02  4.820E  02 

4.77SE  02  7.978E-02  4.817F  02 

■4.78 IE  02 _ 7. 965E-02  4.T59E  02 

4.762E  0? 
4.T01F  02 
4.642E  02 


1.401E  00  2.886E  01  2.037E  03  4.786E  02  7.9S3E-02  4.762E  02  1.193E  02  4.974E  02  2.331E  03 

_U4fllC_00  2.883E  01  .  2.039E.  03._A.803E  02  T.920Er02  4.T01E  02  1.197F  02  4.987E  07 _ 2, 3_24£_0i_ 

1.401E  00  ‘2.880E  01  2.038E  03  4.816E  02  7.891E-02  4.642F  02  1.200F  02  4.995E  02  2.316E  03 

_1.40 IF  00  2.88 OE  01  2.039E  03 _ 4.819E  02 _ 7.886E-02  4.630E  02  1-201E  02  4.997E  02  2.314E  03 

1.401E  00  2.878E  01  2.039E  03  4.82SE  02  7.874E-02  4.6S7E  02  1.203E  02  S. 004E  02  2.317E  03 

1.401E  QQ  2.878E  01  2.039E  03  4.B23F  02  7.875E-02  4.&73E  02  1.204FD2  S.004E02  2.319603 


H1BTU/#)  TT1RI 
1  - 192E  02  4 . 983E  02 

1.189F  02  4.969E  02  2.337E  03 

.1.188E  0?  4.961E  02 _ 2.340E  03 

1.190E  02  4.968E  02  2.339E  03 

1 : 191E  02  4.969E  02  2.332E03 

1.193E  02 
.1.197E  Q2_ 

1.200F  02 


PTIPSFI 

-Zt314E_03 


-4.98TE-0Z 

r5.721Er02 _ 4 

-6.425E-02  3 

-7.08_4ErOZ._3, 
-7.771E-02  3 


020E-01  2.411E-01  1.401 E  00  2.879E  01  2.039E  03  4.808E  D2  T.905E-02  4.T13E  D2  1.2006  02  4.992E  02  2.3Z5E  03 

88.0£^01._  2.410E=aL_1..401E  00 _ 2^8flOE.  01  _2.imf-.03 _ 4.810E_0.2 _ T.905E-02  4.707E  07  1 . 2Q_QE_02 _ 4,993E_02 _ 2..32AE_03_ 

T07E-0  1  2.408E-01  1.401E  00  2.882E  01  Z.039E  03  4.795E  02  7.931F-02  4.715E  02  1.196E  02  4.979E  02  2.3Z6E  03 

330E-01 _ 2»A0SE_-01  1.401E_00_  2.685E_ai_2.j03.9E_03_Jtt.7JAE_02 _ 7.959E-02  4.  773E_Q2_  1 -193E  02  4.9T3E  07  2.335E  03 

006E-01  2.401E-01  1.401E  00  2.88BE  01  2.038E  03  4.774E  02  7.982E-02  4.7B9E  02  1.190F  D2  4.964E  02  Z.337E  03 

733E-P2  Z.4QIE-0I _ 1.401E  00  2.891E  01  2.03BE  03  4.761E  02  8.009F-02  4.B49E  07  1.187E  02  4.957E  02  Z.346E  03 

376E-02  2.400E-01  1.401C  00  2.892E  01  2.037E  03  4.75SE  02  8.021E-02  4.876F  02  ■  1.1B5E  02  4.952E  02  2.349E  03 

076E-02 _ 2-.J-99E-01  1.40 IE  JO  2.891f_QJ _ 2.J36E_03 _ 4..77>1E_02 _ 8.JL10£r02  4.861E-JL2 _ 1.186E  02 _ t.9ATE_02 _ 2.JA6£_03_ 

675E-02  2.39BE-01  1.401E  00  2.894E  01  2.035E  03  4.760E  02  8.00&E-02  4.881E  02  1.1R6E  02  4.958E  02  2.34TE  03 


AWfcrOZ 

055E-02 
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01 
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03 
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00 
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01 
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03 
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02 
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02 

I.597E 

02 
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03 
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1.399E 

00 

2.550E 

01 

2.043E 

03 

5.767b 

02 

5.849E-02 

7.673E 

02 

1.680E 

02 

6.197E 

02 

2.630E 

03 

_  2.455E-02 

4.3036-02 

3.7  7  fh-01 

1.400E 

00 

1.839E 

01 

2.043E 

03 

5.580E  02 

4. 359E-C2 

8.067b 

02 

2.214E 

02 

5.924E 

02 

2.5I9E 

03 

1. 545E-02 

8. 5776-02 

5. 136E-01 

1.401E 

00 

1.350b 

OL 

2.043E 

03 

5.477E 

02 
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9.057E 

02 

2.940E 

02 
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02 

2.490E 

03 

7.716E-03 
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5.965E-01 

1.402E 

00 
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01 

2.042E 

03 

5.448E 

02 

2.818E-02 

9 .7026 

02 

02 

3. 3926 

02 

5.763E 

02 

2.484E 

03 

-6.335E-04 

1.187 E- 01 

6.1876-01 

1.402E 

00 

1  .L20E 

01 

2.041E 

03 

5.452E 

02 

2 .7136-02 

9.845b 

3.518E 

02 

5.765E 

02 

2.479E 

03 

-3.517E-03 

1.1I3E-01 

5.952E-01 

1 .4026 

00 

1.164b 

01 

2.041E 

03 

5 .461 E 

02 

2.816E-02 

9.7C9E 

02 

3.393 E 

02 

5.777E 

02 

2.483E 

03 

-1*  228E-02 

9.667E-02 

5.4866-01 

1.401 E 

00 

L.264E 

01 

2.042E 

03 

5.4  74b 

0? 

3.052E-02 

9.460C 

02 
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02 

5.799b 

02 

2.499E 

03 
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6.057E-02 

4.3366-01 

1.401E 

00 
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01 

2.015E 

03 

5.552b 

02 

3. 8L7E-02 

8.417E 

02 

2.519E 

02 

5.878E 

02 

2.497E 

04 

-2.924b-02 

2.748E-02 

3.2826-01 

1.4006 

00 

2.L19E 

01 

2 • 048  E 

03 
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C2 

4. 9646-02 

7.7536 

02 

1.958E 

02 

6.023E 

02 

2.5506 

03 

-4.235b-02 

7.686E-03 

2. 653E-01 

1.39BE 

00 

2  *62 7E 

01 

2.051E 

03 

5.676E 

02 

5.933E-02 

7.921E 

02 

1.671b 

02 

6.348b 

02 

2.689E 

03 

-5.378E-02 

1  .0006-05 

2.4096-01 

1 • 398 E 

00 

2.897E 

01 

2.052b 

03 

5.938b 

02 

6. 480E-02 

7.783E 

02 

1.541E 

02 

6.440E 

02 

2.729E 
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4.0346-03 
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00 

OO 
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01 

01 
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03 

03 

5.934E 
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02 
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02 

02 
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02 

02 
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6.448b 

02 

02 

2.737^  03 
2.739E  03 
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1.398E 

00 

2.566E 

01 

2.004E 

03 

5.902E 

02 
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02 
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02 

6.448E 

02 
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03  __ 
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is  abstract  Turbulent  coaxial  air-air  mixing  and  hydrogen-air  mixing  were 
studied.  The  ratio  of  outer  stream  to  jet  velocity  was  varied  from  0.12 
to  1.52  for  the  air-air  mixing  systems  and  from  0.16  to  0.42  for  the 
hydrogen-air  systems.  Special  emphasis  was  placed  on  the  determination 
of  the  turbulent  transport  properties  (especially  the  eddy  viscosity  and 
the  Prandtl  number)  from  the  mean  flow  field  measurements  by  use  of  an 
integral  technique.  Radial  and  axial  profiles  of  velocity,  concentra¬ 
tion,  shear  stress,  and  eddy  viscosity  are  presented,  as  well  as  radial 
profiles  of  the  turbulent  Prandtl  number  and  representative  static  pres¬ 
sure  profiles.  In  addition  to  the  graphical  presentation  of  the  data, 
the  mean  flow  field  properties  are  presented  in  tabular  form.  The  major 
conclusions  of  this  investigation  are:  (1)  the  experimental  technique 
used  produced  good  quality  mean  flow  field  data;  (2)  the  integral  tech¬ 
nique  used  for  calculating  the  turbulent  transport  properties  from  the 
mean  flow  field  data  gave  satisfactory  results;  (3)  for  the  air-air  sys¬ 
tem,  a  significant  radial  variation  of  the  second  regime  eddy  viscosity 
was  observed  for  most  of  the  tests;  (4)  the  eddy  viscosity  decreases  with 
increasing  radius  for  the  hydrogen-air  systems;  and  (5)  approximate  aver¬ 
age  values  of  the  turbulent  Prandtl  number  are:  0.60  for  the  air-air 
tests  and  0.80  to  0.85  for  the  hydrogen-air  system. 
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